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Now — Complete Coverage of ALL Power 


Requirements In The Nuclear Field! 


REGULATED 
HIGH VOLTAGE 
POWER SUPPLY 


N-413 


500 to 5000 Volts D. C. Continuous 


The N-413, using a new operating principle, 
10 ma at 5000 volts with .C05% line and Ic 
tion and positive or negative output. Am 
available for multicoincidence studies | 
photomultipliers or other similar app 


voltage may be set to the nearest volt 
cell calibrated control. 





REGULATED 
_ ] HIGH VOLTAGE 
POWER SUPPLY 


500 to 1800 Volts D. C. Continuous 


Hamner’s well-known N-401 has become the industry's 
standard for use in scintillation spectrometry or for 
general laboratory use. Test after test has proven un- 
matched voltage stability for prolonged operating 
periods. The N-401 features low noise and ripple; less 
than 1 mv rms. Provides 5 ma, positive or negative 
polarity, front panel contro! 


Immediate delivery on both power supplies 


Highly-efficient power supplies in the 0-1 ma range. As 
Also Hamner’s N-4050 60 cycle, 500 to 5000 volt unit or the 


00 to 2500 volts 


RF Power Supply with an output of 500 


Hamner nuclear equipment enjoys an 
unequaled reputation in the country’s =_ 
most discriminating laboratories. We 
would like very much to have you eva 
uate Hamner equipment in your own 
laboratory where side by side compari- 
sons can be made. Please contact the 
Hamner office in Princeton or your 
nearest area representative so that 
demonstration can be made at you 
convenience. 


WORLD-WIDE DISTRIBU 
AND ENGINEERING SERVI 


Send For 
This Informative, 


Catalog. 


EXPORT DEPARTMENT: 202 East 44th Street, N.Y.C. 


Hamner 


Eleetronies Co.. Ine. 


Short-Form 


P. O. Box 531, Princeton, N. J. 
PEnnington 7-1320 


CABLE: Henleysale, RCA Teletype 210, N.Y.C 
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Southern California Edison’s electric power station utilizing SRE heat 
energy, located northwest of Los Angeles in the Santa Susana Mountains. 


“PEACEFUL CO-EXISTENCE” -(ot sodium & water)= 
AT SANTA SUSANA 


Everyone knows sodium and water do not mix—peace- 
fully. Therefore, in addition to normal functional require- 
ments, the Sodium Reactor Experiment demands a Steam 
Generator which minimizes the possibility of these two 
liquids coming into contact. 


To solve this problem The Babcock & Wilcox Company 
designed and manufactured a tube-within-a-tube steam 
generator. A mercury-filled annulus between the tubes 


assures continuous separation of the sodium and water. 
The success of B&W’s design has been amply demon- 
strated as SRE goes into its third year of operation. 


Successful resolution of unusual problems in the steam 
generating field has become synonymous with B&W. 
Perhaps we can help you, The Babcock & Wilcox Com- 
pany, Boiler Division, Barberton, Ohio. 


THE BABCOCK & WILCOX COMPANY 





BOILER DIVISION 


Complete nuclear systems, cores, components, fuel elements, nuclear research and development 
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M & C Nuclear 


No idle claim this — M&C Nuclear has fabricated more clad pins, plates, wire, 

rod and tubing by this technique than any other supplier. 

Three complete reactor loadings of co-extruded elements made by M&C Nuclear are in operation — 
and two additional loadings are now being made as a re-order. 

Until recently, elements clad by co-extrusion were laboratory curiosities — now at M&C Nuclear 
they are being manufactured on a production basis. 

We co-extrude tubular uranium aluminum elements of the CP-5 type; plate type cermet elements; 
alloy elements of uranium with zirconium, niobium and molybdenum as pins, tubes or rods. 

We can offer wire fuel elements up to 50 feet in length. 

The advanced state of co-extrusion technology at M&C Nuclear enables us to offer a high degree of 
dimensional control, reproducibility, and quality assurance. Complete facilities are available for 
testing and certification by destructive and non-destructive techniques. 

It might well be of importance for you to consider this at an early stage of your next reactor project. 
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...about NUCLEONICS 


Crystal Counters Return 


One of the surprising things about 
this year’s Scintillation Counter Sym- 
posium (see p. 85) is that the highlight 
of the meeting was the session devoted 
to a counter that doesn’t scintillate at 
all—the semiconductor detector. This 
was completely appropriate, however, 
since semiconductor detectors are an 
important new field for those interested 
in nuclear instrumentation and the 
Scintillation Counter Symposium is one 
of the principal forums for those inter- 
ested in nuclear instrumentation. 

Actually, crystal counters were an 
important part of the very first “‘Con- 
ference on Scintillation Counters and 
Crystal Counters” held at the Uni- 
versity of Rochester in July, 1948. 
Scintillation counters rapidly out- 
stripped crystal counters so that when 
the second such conference was held 
less than a year later it was called 
simply the “Scintillation Counter Sym- 
posium” and only one paper was con- 
cerned with crystal counters. 

After an absence of nearly 11 years 
the crystal counter has re-entered the 
symposium. Its re-entry is spectacu- 
lar and vigorous, and it’s in new garb— 
not the conductivity counter of old but 
as a tiny p-n junction diode that 
affords remarkably good resolution for 
heavy particles. 


A Problem of Communication 


It’s interesting to consider why 
11 years had to elapse between the first 
strivings for a successful nonscintil- 
lating solid-state detector and the 
present emergence of the semiconductor 
junction detector with all its promise. 
Partly our gradually vanishing igno- 
rance of the solid state is to blame, 
but some of the cause is in a failure of 


communication between solid-state and 
nuclear people. 

As for the physics: 
counters were of the “single-conduc- 
tivity” type. Two electrodes provided 
ohmic contact to opposite faces of a 
block of high-resistivity material such 
as diamond. Unfortunately, such de- 
tectors gradually polarize under bom- 
bardment and ultimately fail. (Sili- 
con, which is used in the new junction 
detectors, can not be used in the single- 
conductivity type because its resistivity 
is too low, at least at room tempera- 
ture.) Only with McKay’s recogni- 
tion that the fields 
leakage current of a reverse biased p-n 


early crystal 


high and low 
junction could provide the appropriate 
conditions laid for 
today’s semiconductor detectors. But 
even McKay’s work goes back to 1949. 
True, semiconductor and 
fabrication techniques for them had to 
be improved as part of the general 
advance in transistor science, but some- 
thing else contributed to the delayed 
advent of the new devices. 

We feel that a real contributing fac- 
tor was the failure of nuclear people to 
stay abreast of what the solid-state 


was the ground 


materials 


folks were doing. 
that if 
aware of nuclear requirements they 


Conversely, we fee] 
solid-state researchers were 
could more readily have appreciated 
the potential in diodes. We think it 
without significance that the 
laboratories that have been at the fore- 
front in supporting the new detector 
breakthrough have both solid-state and 
nuclear competence. 


is not 


Conversely, it is 
encouraging to see at least one of the 
major solid-state laboratories enriching 
nuclear 
But even now one wonders 


its research with 


interests. 


program 


if there’s communication enough. 
The Editors 
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DEMINERALIZATION 
ALONE 


IS NOT ENOUGH 
TO PRODUCE 


ULTRA-PURE WATER 


TWO-BED 
DEMINERALIZER 


BARNSTEAD 
MF" FILTER 


THIS BARNSTEAD EQUIPMENT 
PRODUCES PUREST WATER 

IN PRODUCTION QUANTITIES 
FREE OF MINERALS, ORGANICS, 
BACTERIA AND 
SUBMICROSCOPIC PARTICLES 


ENTIRELY NEW PRINCIPLE .. . By com- 
bining different types of Pure Water 
Equipment in series, Barnstead makes 
possible a new high standard of water 
purification for greater advances in 
Chemical, Electronic, and Nuclear fields 
-—— where water of the highest purity is 
needed. 


VERSATILE EQUIPMENT . . . The above 
combination of Barnstead equipment 
consisting of Water Demineralizers, 
Water Still, and MF® Submicron Filter, 
ps ge in series, produces 18,000,000 
ohm water ... free of organics, bacteria 
and submicroscopic particulate matter 
down to 0.45 microns... in production 
quantities . .. at temperature of 25° C. 


Whatever your Pure Water Problem... 
come to Barnstead first... Pure Water 
Specialists Since 1878. 


Write for NEW 
DEMINERALIZER CATALOG 160 


— 
STILL AND STERILIZER CO. 
34 Lanesville Terrace, Boston 31, Mass. 


BOSTON NEW YORK CLEVELAND 
JAmaica ! ACademy 
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LOcust District 
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NUCLEAR REACTIONS 


Plant Capacity Factor 
DEAR SiR: 


In the preparation of estimates and 
comparisons of nuclear energy costs, 
the degree of utilization of the nuclear 
power plants involved is of great 
importance. This is given by the so- 
called plant factor, or better by the 
plant capacity factor, which, according 
to the American Standards 
is the ratio of the average 


Associa- 
tion, 
load on the plant for the period of time 
considered, to the aggregate rating of 
all the generating equipment installed 
in the plant.” 

Thus, in simple words, the plant 
about the 
which, 


provides an idea 
the 
the 


plants as 


factor 

plant, on 
case of high-invest- 
ment the nuclear 
stations, the kilowatt-hour cost is very 


operation of 
especially in 
power 


} 


strongly dependent. Its significance, 


therefore, in estimating energy costs 


and in providing an equal basis for 
power cost comparisons between vari- 
ous nuclear power stations is obvious. 
I do not know why, but almost every 
one engaged in nuclear uses, 
instead of the above, the term “load 
factor,” according to ASA, 
. is the ratio of the average load 


power 
which, 


over a designated period of time to the 
peak load occurring in that period.” 
The load factor, therefore, although 
a very useful quantity in describing 
the form of the actual load supplied by 
the generators, 
ever, about the degree of utilization or 
the output of a generating plant. A 
load factor of, say, 100% can correspond 


gives no idea, whatso- 


to any plant factor from practically 
zero to 100%. 

Of course, it is well known by now 
that when a nuclear spokesman says 
“load factor” he means “ plant factor,” 
so there is no great danger of con- 
fusion. But once defined and agreed 
upon, terms should be used properly 
afterward. 

—A, ALEXIO0U 


Public Power Corp, 
Athens, Greece 


EDITOR’S NOTE: Mr. Alexiou is cor- 
rect. NUCLEONICS, which has 
guilty of the error, will correct its ways. 


been 


As nuclear engineers interact more with 
utility engineers they owe it to them to 
use utility terminology correctly. This 


| is but one facet of the larger problem of 


getting to know better the needs of the 





group that will someday be the largest 
consumer of nuclear power. 


Modern Flux-Trap Reactor 
Dear Sir: 

Early in 1956, work that was carried 
out at New York University showed 
that it was possible to obtain a high 
thermal flux at a low power by using 
a fast or intermediate reactor with a 
central moderator zone. 

The original calculations were made 
by Dr. Milan Osredkar, who is now in 
the the 
tional Atomic Energy Agency. 


Interna- 

He in- 
(1) 
Thermal reactors with light water or 


Reactor Division of 
vestigated the following systems: 


heavy water for the inside region. (2) 


An 


times the fuel-to-moderator ratio of the 


intermediate reactor having ten 
MTR and a central zone of light water. 
(3) Fast reactors with a thermal-neu- 
tron absorber at the interface and cen- 
tral regions of light or heavy water. 
(4) A fast reactor without absorber at 
the interface and with a central zone of 
last 
absorber at the interface and with a 


light water. (5) A reactor with 
double inside region of light and heavy 
(this Prof. 
Wigner). 


water was suggested by 
In spite of the relatively active work 
is doubtful 


that the best design of a flux-trap reac- 


of the past four years, it 
tor has been determined. telativels 
little work has been done on fast sys- 
tems Further work should be done on 


flux 


changing from thermal to fast flux or 


converters—namely, methods of 
vice versa. 

It is possible that a mixture of light 
and heavy water might be better than 
ntral region 
The effect of poi- 
soning the fuel region should be studied, 


either one alone for the ¢ 
or outer reflector. 


since this should increase the ratio of 
fast to thermal flux 

It is possible that a material having 
a greater hydrogen concentration than 
light water would give better flux peak- 
ing. The 
liquid ammonia or methane in the cen- 


use of materia's such as 
tral zone might also favor flux peaking, 
since the cross section of hydrogen in- 
The 


scattering cross section of ortho-hydro- 


creases sharply at low energies. 


gen is 128 barns at very low tempera- 
tures because of the effect of nuclear 
spins. It is possible there may be 


other molecules having very high cross 
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sections at low temperatures; U so, 
these would be ot interest to designers 
of flux-trap reactors 
It is possible that a flux-trap reactor 
could be operated under transient con- 
ditions extremely high flux 
imagination, I be- 
build within the 
Or having a 
flux in excess ol 
t 100 megawatts 
> PHENSON 


mnecticul 


nnecticul 


of Prof. | 


ymments of 
follows: 
yursued the 
flux-trap reactors. 
xtensive critical ex- 
ntermediate 
moderated re- 
nberg et al. 
Conterence. 
may predate 


flux-trap re- 
tne specific 
s intended 
mly to the 
thermal flux 
some ol 

ell taken 
technical 

e and pur- 
ent of some 
roposed for 
rs, university 
ring test- 
thermal flux 
ise with an 
iuse of the 
required for 
ral effects in 
epitherma! 
ition that th 


ffectivel of flux trap depends 


' ant on tl ratio 1s incorrect, 


eT "he f iveness of the 


ig 
Siphiii 


howe 
flux-trap desig ipally depend- 
ent on the or power den- 
given reactor 
this parameter 
ted by the poi- 


son additio! 
LAW! EN( WIDDOES President 
Internuclear Company 


f 1yton, Vissouri 
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NEW (FENN) HEAVY DUTY BREAKDOWN MILL 


For initial heavy breakdown of fuel element materials, 


Core of your nuclear planning 


hot or cold, this new FENN Heavy Duty Breakdown Mill 
with 16” diameter rolls meets every requirement. Re- 


ently installed by one of the nation’s leading producers 


the atomic energy field, this high precision mill was 
esigned and built for heavy separating loads, high torque 
apacity, variable speed and exceptionally rapid reversing. 


portant features include rolled steel plate housing, 


ion 


ion bearings throughout, high torque precis 


Bints, herringbone gears, electric screw down 


, Precision 


fual motors, high speed roll adjustment 
g, and large clock type dial indicators. 


Atever your metal forming requirements, consult Fenn 


ivision. 


D 


inery 


. Write Nuclear Mach 


engineering service 





MODEL 415 features include capability of de- 
tecting current of approximately 1 x 10-4 ampere, 
a 1% mirror scale panel meter. 


new high-speed research 
MiIicro=mMmMmicroammmNmeter 


Model 415 offers high speed of response, 
accuracy, and zero suppression. 


The new Model 415 incorporates advanced high- 
speed circuitry developed by Keithley Instruments 
for rocket and satellite experimentation — where 
measurements of Lyman-Alpha night glow 
and upper air density require fast response. 


A speed response of less than 600 milliseconds to 
90% of final value at 10°” ampere is possible where 
external circuit capacity is less than 100 picofarads 
(uuf). Critical damping of the circuit, with any in- 
put capacity, is maintained on all ranges through 
one infrequent adjustment. There is no possibility 
of oscillation or poor response, on any range. 


Accuracy is +2% of full scale on 10° through 
10* ampere ranges, and +3% of full scale on 
3 x 10° through 10°” ampere ranges. 


The 415 also provides zero suppression up to 100 
full scales, permitting full scale display of one per 
cent variations of a signal. Once suppressed to 
- zero, such variations may be observed on any of 
the next four more sensitive ranges without re- 
setting the suppression. 


Excelling other Keithley 400 Series Micro-micro- 
ammeters in speed of response, the 415 is ideal for 
current measurements in ion chambers, photomul- 
tipliers, gas chromatography, mass spectrometry. 


AN OSCILLOGRAM demonstrating response to a current 
step of 10-!2 ampere. Input capacity is 35 picofarads (yf). 
One major horizontal division equals 200 milliseconds. 


BRIEF SPECIFICATIONS 


RANGES: 10-!2,3 x 10-!*, 10°", 3 x 10-4, etc. to 10-3 ampere f.s. 
ACCURACY: +2% fs. 10-° thru 10-° ampere ranges; +3% 
f.s. 3 x 10-® thru 10-!* ampere ranges. 

ZERO DRIFT: Less than 2% of f.s. per day after warmup. 
INPUT: Grid current less than 5 x 10-“ ampere. 

OUTPUT: 1 v f.s. at up to 5 ma. Noise less than 20 mv. 

RISE TIME: Typical values given in sec. to 90% of final values. 


Cin =50 puf | Cin = 150 put Cin = 1500 puf 
seconds seconds seconds 


.600 .800 2.5 

.200 .300 1.0 

.060 .080 .250 
.020 .030 .100 
.006 .010 .030 
.002 .003 010 
.001 001 .003 
001 .001 .001 





Range 
amps f.s. 








and above 
PRICE: Model 415, $750.00 





For complete details, write: 


REITH LEY 


124215 EUCLID AVENUE 


Inge TRUMENTS. 


pe G, 


CLEVELAND GCG, OHIO 
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CAMERON FORGINGS 


New properties — new quality 
for new design demands. 


forgings 
d for more 
short span 
etal form- 
fulfill and 
In an ade 
rreatest de- 
metallurgy 
rings have 
n previous 
,000 pound 
chrome 


phe t graphed 


ing applications for a precision 
member. 
Large or small, our forgings 
possess unusual metallurgical 


properties because: 


| f 
: | 
| ~~ 


wr, 


high internal pressure increases 
the transverse ductility properties 
several times above normally ex- 
pected values. 

3. The internal working of the 
metal breaks up segregated mate- 
rial inherent in the center of steel 
and high density alloys and yields 
forgings that consistently meet 
high ultra-sonic standards. 

4. The totally enclosed method 
of forging avoids flash line mag- 
netic indications and the localiz- 
ing effect of the flash grain on 
transverse, fatigue, and stress rup- 
ture properties. 

If you specify or purchase ferrous 
high density alloy or refractory 
forgings and would like more 


its split 
f our side ram presses, information about our facilities, 
olution to write, call or come by 
ulring large . 


S1Z¢ unus ”) and top 


ameron 


a recent 


quality 
The inset 


idea of oul 


photograph gives an 

4. Cameron techniques allow in- 
tricate shapes to be forged in one 
heat, yielding uniformly high 
properties from center to surface 
and uniform fine grain size. 

2. The movement of metal under 


range in size and 
producing the same 
superior properties. This jet en- 
gine turbine wheel, A-286 mate- 
rial, weighs about 13 pounds, but 
is one of today’s most demand- 


shape whil 





IRON WORKS, INC. 





SPECIAL PRODUCTS DIVISION 
P.O. Box 1212, Houston 1, Texas 











time-of-flight plug-in 
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220 data handling unit 


Logic is interchangeable in the TMC Model CN-110 Pulse Analyzer. 
Taito cgl-mr-11 0) ¢e-lat-1-) ce] gum l Ob olelUlsleMael olosl-lilsl-1mell-4ie-]meoelsslelehc-ig 
you can plug Pulse Height Analysis, Pulsed Neutron, Time-of-Flight 
or special program units. Out of it you can get Analog, Digital 

or Binary data. You can carry the system and set it up almost 
anywhere. It is guaranteed for two years. 


These instruments and all accessory units are now being 
rol-Jihvi-1a-10 Pam O10) agle)(-1¢-Me[-0¢-1](-Meo)m@el-1-1]-4a molest) dav londlolal-lale me) e]-1¢-)dlela) 
Flg-Moelsie-liel-1¢ Mae Meal -\, Mots ol-3-4-mn(e)(el-1ae-\'7-11t-1°](-melala-re 101-5) a 


« We have excellent openings for Transistor Circuit Designers e 


TMC 


TECHNICAL MEASUREMENT CORPORATION 


441 WASHINGTON AVENUE, NORTH HAVEN, CONN. 
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Progress toward lower generation costs 


via the Boiling Water Reactor 


N Story 


Garigliano 

Nuclear Power 
Plant design more 
than 30% complete— 
construction 

under way 


General Electric Boiling Water 
Reactor—of established design— 
selected over 8 other systems 

for Italy’s Garigliano Plant 
because of high operating 





flexibility, good potential 
for improvement, lowest cost 
power production. 






Progress /s Our Most Important Product 
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The SENN Story: established design keeps 
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Construction timetable : saci RECIRCULATING ~~ 
1959: Contract awarded to International General PUMP CONTROL 
Electric Operations, S.A. Initial design and con- ROD 
struction plans established and work begun SECONDARY DRIVES 
at site. STEAM 
GENERATOR 


1960: Foundations complete and sphere erection 
started. Nuclear system design complete. 

1961: Sphere erection complete. Reactor pressure 
vessel fabrication complete. 

1962: Pressure vessel installation complete. Nuclear 
steam supply equipment installed. 





1963: First core loading. Plant operational. 
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SENN construction on schedule 


Construction of Europe’s first large boiling water nu- 
clear power station, the SENN (Societa Elettronucleare 
Nazionale) 150,000-kwe Garigliano Plant, is already on 
schedule because of the established design of General 
Electric’s Boiling Water Reactor. This reactor was selected 
over eight others because it will produce lower cost 
power, has high flexibility and good potential for future 
improvements. 

Site preparation for this plant is well under way on the 
south bank of the Garigliano River, near Naples, and 
piling for the reactor structure is complete—fully a month 
ahead of schedule. Piling for the turbine building is pro- 


ceeding on schedule for completion by July 1. 


Flexibility in operation makes the boiling water reactor 
the outstanding type for power generation, both in nor- 
mal operation and in response to network load demands. 
Designed to respond instantly to load changes, reactor 
power follows turbine load demands without necessity 
of control rod movement for load changes from 2/3 


power to rated load. 


Potential for future improvements, as a result of 
further strides in nuclear technology, is built into the 
boiling water reactor design. New, improved fuels can be 
utilized. The entire core may be readily removed and 
replaced. Further advances in reactor technology may 
permit increased specific power thereby reducing unit 
cost of total power produced. 

SENN is another step in General Electric’s continuing 
program toward economical nuclear power with the boil- 
ing water reactor. It is based on the established design 
technology of the Vallecitos Boiling Water Reactor and 
the Dresden Nuclear Power Station. Because of this 
foundation, SENN will be a proven system consisting of 
proven components when it goes “on-the-line” in 1963. 

For further information, contact your nearby General 
Electric Apparatus Sales Office or write to General Elec- 
tric Company, Schenectady 5, N. Y. Outside the United 
States and Canada, write to International General Elec- 
tric Company, 150 East 42nd Street, New York 17, N. Y. 


132-02 
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PILE-DRIVING OPERATIONS and the pile test program are under way 
at the site of the reactor containment sphere at SENN. 


HUGE PRESSURE VESSEL for the Garigliano Plant, similar to the 
Dresden pressure vessel (above), is now being manufactured. 
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COMPLETE INSTRUMENTATION SYSTEMS, such as this one at the Dresden 
Nuclear Power Station, and individual instruments for wide application 


General Electric 
nuclear instrumentation . . . 


Proven in 19 


operating reactors 


General Electric’s complete nuclear instrumentation systems have 
been “proven-in-service”—world-wide—in 19 operating reactors. 
Extended ranges, rapid response, continuous self-testing and lack 
of zero drift make General Electric nuclear instruments particularly 
well suited to the demands of reactor and laboratory applications. 
Premium quality electrical and electronic components, engineering 
and manufacturing skill, and extensive assembly and testing facilities 
all combine to give you individual instrumentation and complete, 
coordinated systems capable of continuous, trouble-free performance. 
For further information on General Electric’s nuclear instruments 
and complete reactor instrumentation systems, contact your nearby 
Apparatus Sales Office or write to General Electric Company. Sche- 
nectady 5, N. Y. Outside the United States and Canada, write to 
International General Electric Company, 150 East 42nd Street, New 


York 17, N. Y. 133-01 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


Son0o0D 
oOOeoo 
oOeaoies I on - Les =) 
(=eek 5 Ba) 
Sogeac 
BSovuog 


UIGOVIOIAIOO a 
909000 0 af 


. 
ar * ae. 


TESTS FOR ACCURACY and 
specifications are standard at General Electric. Durability 











speed of 


are engineered, built, and tested by General Electric at the Atomic 
Power Equipment Department in San Jose, California. 


and maintenance-free operation are ‘‘built-in.”’ 








SYSTEMS 
F 


Complete reactor con- 
trol systems 


2. Safety systems 


COMPONENTS: 
es 


Stable micromicroam- 
meter 


. High-voltage power 


supply 


. Log-N Period ampli- 


fier 


. Log count rate meter 


. In-core 


Nuclear instrumentation now available 
from General Electric includes: 


. Radiation monitoring 


equipment 
instrumenta- 
tion 


. Log count rate meter 


with period 


. Linear count rate 


meter 


. Preamplifier 
. Flux amplifier 
9. Actuator amplifier 


. Logic elements 
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Tires that last ten years . . 
Foods that don't need 
refrigeration . . . 

Tougher plastics . . . 


these products of the future are 
subjects for experimentation today 
Many industries and research 
institutions are now looking to 
cobalt 60 gamma irradiation as 
the key to new horizons. 


Photo courtesy Textile Research Center, School of 
Textiles, North Carolina State College, Raleigh, N.C. 


For your gamma irradiation G AMM AGELL 220 
experiments, choose the 


with source strengths to suit your purpose 


IT’S PROVEN — Already in use in several countries IT’S SAFE — By construction, it is inherently safe to 
and in many fields of research. operate. Overexposure would have to be deliber- 
ately planned. 


IT’S SELF-CONTAINED — No auxiliary shielding re- 
quired . . . Buy it as just another piece of laboratory IT’S SIMPLE — No complex electrical equipment to 
equipment. Easy to move to a new location as a break down. Any technician can readily operate it 
change in plans requires. with minimum instruction. 


FOR FULL DETAILS ON THE GAMMACELL 220, KILOCURIE COBALT 60 
OR OTHER ISOTOPE EQUIPMENT, PLEASE WRITE TO: — 


ATOMIC ENERGY OF CANADA LIMITED 


COMMERCIAL PRODUCTS DIVISION 
P.O. BOX 93 OTTAWA, CANADA 
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Catching Up with a Slippery Equation 


What goes on when two moving surfaces are separated by a film of oil? 


Simple question? Maybe, but engineers and mathematicians have 
been trying to answer this classic question of lubrication ever since 


Osborne Reynolds neatly stated the problem in equation form back in 1886. 


Unfortunately, analytical methods for solving Professor Reynolds’ 
partial differential equation worked only for unrealistic oil bearings, 
bearings with widths approaching zero or infinity. And approximate 
methods were crude, requiring a complete recalculation for each slight 


change in the bearing. 


Recently, mathematicians at the General Motors Research Laboratories 
came up with the most versatile and efficient method of solution 

yet made. Their analytical method for solving the two-dimensional 
Reynolds’ equation applies to all finite journal bearings — as well as 
other hydrodynamic bearings — with no assumptions or approximations 
about boundary locations. The new method uses a long-neglected energy 
theorem recorded by Sir Horace Lamb instead of the force relationship 


tried by Reynolds and others. 


Besides being a valuable contribution to the theory of lubrication, this 
work has its practical side: namely, accurate, serviceable design 

curves for engineers. At GM Research, we believe delving into both 

the theoretical and applied sides of a problem is important to progress. 
It is a way of research that helps General Motors fulfill its pledge 


of “more and better things for more people.” 


General Motors Research Laboratories 


Warren, Michigan 


Hydrodynamic analyses have f ve previously available, 
led to specific answers about 4 
bearing operation. Shown 
here are the oil pressure 
distribution (main illustration) Capacity 
and load-carrying 

capacity for a non-rotating 

journal with a 





reciprocating load. 














Model 49-14 


SCAMP 
Model 49-4 


Printer 


The use 
automat: 
scaler requirements 


Departmer 


Model 49-13 


Model 49-13 








Model 49-1 


All These Self-Programming 
Printing Scalers Connected 
oO] M dalili-ts 


(two to a dozen, or more) 


FULLY AUTOMATIC OPERATION — Radiation Labora y¥ automa- 

tion take ther step forward with RIDL self-pr ng Print- 

ing Scalers. Sequ al data read out to any printer wt iccept 
1-2-2’-4 four line binary coded de J f Te) possit 
any number of these printing scalers wit! 


xr RIDL automatic scaling system 

RIDL Model 49-4 SCAMP system witt 
49-13 or 49-14 scalers, each , ; 
preset cc tomatic print 
Since these units are self-programming and ad 

able self-identification, they are interlocked without step- 

ping relays and without special programming units 
-quentia reaq ¢c it simultaneous print Prarypding faclelaal-le me.’ 


be used ft 


Radiation Siitiaiianl Development Laboratory, &.. 


5737 SOUTH HALSTED STREET @® CHICAGO 21, ILLINOIS 
PHONE: TRiangle 3-2345 © Cable Address: RADILAB 
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TEST RE 


Five nuclear reactors are in various stages of 
development at NDA. Each differs from the others, 
but all bear the stamp of true progress. 

Progress in design is an NDA hallmark and 
accounts in part for its success in a demanding 
field. Equally important, however, is the ability 
of an organization to move from concept through 
engineering design, materials development, labora- 
tory experimentation and critical testing. In these, 
too, NDA’s reactors show invention and originality. 

NDA’s complete reactor capabilities are ex- 


emplified in METR (above), a 50-megawatt 
Materials and Engineering Test Reactor, the first 
of which is now under construction at Mol, 
Belgium. Beginning with the core itself, a unique 
design which combines extremely high neutron 
flux with simple, independent access to each fuel 
and experiment tube, METR I will be a vital part 
of one of the world’s great nuclear centers. METR 
is typical of the family of reactors now under 
design or development at NDA for power, pro- 
pulsion and research. 


OPPORTUNITIES EXIST AT NDA FOR QUALIFIED SCIENTISTS AND ENGINEERS 


a complete reactor company 


NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 


WHITE PLAINS, N.Y 


TEL. WH. 8-5800 


NDA EUROPE 31, Rue du Marais, Brussels, Belgium 
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JCAE Blocks Stanford Linac, Okays 3 Antarctic Reactors 


In a highly unusual—if not unprecedented—action, the Joint Com- 
mittee on Atomic Energy last month cut down the size of AEC’s con- 
struction program for the coming fiscal year. AEC’s authorization bill 
for fiscal 61 beginning July, was chopped from $293,876,000 to $211,- 


476,000, as JCAE refused to authorize 
a "61 go-ahead on the $107-million 
Stanford linear accelerator but in- 
sisted on several other projects AEC 
had not formally sought. 

The 15-Bev Stanford electron ma- 
chine was not killed outright, rather 
postponed until next year by the 
Democratic leadership of JCAE. Sen. 
Clinton P. Anderson (D-N.M.), chair- 
man, and other JCAE Democrats had 
been hinting loudly for some time 
that they were less than enthusiastic 
about the project and there was even 
some opposition at AEC (NU, March 
"60, 28). 

Moreover, the huge machine has 
become something of a political foot- 
ball: some in Congress see it as 





possible trading material for the au- 
thorization next year of 636 Mwe in 
generating equipment at Hanford’s 
New Production Reactor. Under the 
circumstances, JCAE approved only a 
$3-million design and engineering 
study on the project and will recon- 
sider the machine itself next year. 


Three Antarctic Reactors 

With Sen. Henry M. Jackson (D- 
Wash.) taking the lead, JCAE added 
$13-million to the authorization bill 
for three small pressurized-water re- 
actors in the Antarctic (NU, Apr. ’60, 
27). The Navy, for which the plants 
would be supplied, says it has an 
early need for two 1,500-kwe reactors 
at McMurdo Sound and one 800-kwe 


at Byrd Station. The $13-million 
item would pay for these three and— 
if AEC, in ordering them in duplicate, 
reduces 2 ps the estimated 
$4-million-plus cost—there might be 
enough in the authorization to fund 
a fourth, 500-kwe reactor at the South 
Pole. 

Authorizing funds to AEC for 
“field” stations of the military is un- 
usual and the Bureau of the Budget 
has made it clear that it does not sup- 

rt this approach to getting them 
Built; it wants the Navy to put up the 
money. However, the Navy has said 
it wants the reactors (if AEC pays 
for them), and—unless the Budget 
Bureau attempts to block the pro- 

am—AEC is expected to go out 
vith a bid invitation soon “4 = 

ess actually appropriates the $13- 
erillion nor Pe by J . 

Alco Products and Martin Co. have 
been in the forefront of stationary-re- 





Announcement of a New Publication—Nucleonics Week 





The McGraw-Hill Publishing Company is pleased 
to announce a new publishing service for the 
nucleonics field—Nucleonics Week, a weekly 
newsletter supplementing the monthly news cover- 
age offered by Nucleonics magazine. Regular 
publication of Nucleonics Week will begin on 
April 28, 1960. 

Why Nucleonics Week now? Although the 
regular news section of Nucleonics has always 
been very favorably received by our subscribers, 
many have expressed the need for a more frequent 
service. In these next several years, as the in- 
dustry begins its growth, interest in new develop- 
ments will be great, competition for contracts will 
be severe and knowledge of government and 
Congressional policies and actions will be im- 
portant. 

Publication schedule and format. Nucleonics 
Week is six pages in length and is printed by the 
photo offset process. The final closing time for 
copy is Tuesday morning. It will be mailed to 
subscribers on Tuesday afternoon of each week. 

Content and character. Nucleonics Week is 
written in newsletter style—short articles intended 
for fast reading. The subject coverage will be 
similar to that of the regular news section of 
Nucleonics. But a much greater effort is being 


placed on developing behind-the-scenes news. 
Relationship to Nucleonics. The news section 
of Nucleonics will be basically unchanged. The 
emphasis in Nucleonics' monthly news coverage 
will continue to be placed on stories in depth, of 
a length and character that cannot be accom- 


modated in the newsletter. Thus both Nucleonics 
and Nucleonics Week will be needed by those 
who are actively involved in the nuclear field. 

Staff. Nucleonics Week will be prepared by 
the news staff of Nucleonics augmented by addi- 
tional personnel. Also, the world-wide news 
bureaus of McGraw-Hill will be used to an even 
greater extent to give subscribers the benefit of 
the best nuclear reporting team in the world. 

Subscription information. Nucleonics Week 
will only be available to those who are either 
currently subscribers to Nucleonics or who become 
subscribers to Nucleonics simultaneously with sub- 
scribing to Nucleonics Week. The subscription 
rates for subscribers are: $75 per year in North 
America, $90 per year in all other countries (this 
includes the cost of airmail service). 

For further details on Nucleonics Week and to 
obtain a sample copy, please write to Jerome D. 
Luntz, Publisher, Nucleonics Week, 330 W. 42nd 
St., New York 36, N. Y. 
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actor development for military use 
but at least four other reactor manu- 
facturers have said they are interested 
in bidding—Allis-Chalmers, AMF 
Atomics, General Electric and West- 
inghouse. 


Kaiser Study 

A study of the power economics at 
McMurdo Sound and ten other mil- 
itary sites—conducted by Kaiser Engi- 
neers—showed that a 5-Mwe, pres- 
surized-water reactor at McMurdo 
would save the Navy $21,580,000 
over a 20-year plant life. Kaiser is 
supplementing this study with cost 

ysis for Byrd Station and the Pole 
and this report was due at JCAE by 
May 1. 

For the other nine sites in the orig- 
inal report, Kaiser reported the fol- 
lowing savings (or losses) over a 20- 
year plant life if nuclear stations were 
selected over conventional stations: 
Okinawa, $8,488,000 on a 40-Mwe 


boiling-water reactor; Guam, $430,- 
000 on a 20-Mwe BWR; Thule AFB, 
$31,838,000 for a 25-Mwe BWR; 
Camp Carson, ($12,076,000 loss) on 
a 7-Mwe PWR; Asmara, ($7,435,000 
loss) for a 5-Mwe PWR; a classified 
underground site, ($7,407,000 loss) 
on a 5-Mwe PWR; a classified Nike- 
Zeus site ($5,766,000 loss) on a 10- 
Mwe PWR; Inchon, Korea, ($7,325,- 
000 loss) on a 10-Mwe PWR; and a 
barge in the Atlantic area ($5,104,- 
000 loss) on a 20-Mwe PWR. 


Other JCAE Additions 

In addition to the $13-million Ant- 
arctica authorization, JCAE also tack- 
ed onto the bill on its own initiative 
$5.6-million for a materials-research 
lab at the Univ. of Illinois, $2.2- 
million for a radiation lab at the Univ. 
of Notre Dame, and $1-million for 
facilities to increase research on the 
bio-medical aspects of radioactive 
fallout (the extra $1-million raises 


this item in the bill to $5-million). 
JCAE also requested AEC to sched- 
ule design studies on a power reactor 
of the steam-cooled type and mobile 
facilities for food irradiation; reports 
to JCAE on these are due next Apr. 
1, 

At AEC’s request, JCAE also in- 
creased the authorization for improve- 
ment of two high-energy accelerators 
—raising to $10,820,000 the $1,350,- 
000 request for the Princeton-Penn 
accelerator, and raising to $9,600,000 
the $1,100,000 request for Lawrence 
Radiation Laboratory's Bevatron 
(Berkeley). 

As expected to be approved by the 
House and Senate before the month 
was out, the bill also includes $165- 
million in other capital equipment for 
’*61 (NU, March ’60, 23). Mean- 
while, the House Appropriations 
Committee began hearings on both 
construction and operating budgets 
of AEC late last month. 


Navy Core Fabricators Feeling Pinch; No Early Relief Seen 


The Navy core business is hanging on the ropes. But none of the five 
companies making fuel element assemblies for nuclear-propelled naval 
vessels is about to give up and get out of the business—although each 


might have incentives to do so. 

In a nutshell, the problem is a 
starkly simple one—a classic situa- 
tion in economics: overcapacity, 
following a falling-off in demand. 
(That this underdemand is more the 
fault of the present Administration’s 
fiscal policies—and of their enforcer, 
the Bureau of the Budget, and less 
that of the Navy itself, does nothing 
to help those impaled on the horns of 
the problem.) 

And so it is that the five companies 
who tooled up at their own corporate 
expense for a level of business ex- 
pected in 1957—at a total cost known 
to be more than $15-million, probabl 
closer to $20-25-million—are now left 
stranded high and dry as the tide of 
expanding naval construction ebbed 
to a relative trickle. 

Because of overcapacity, price- 
cutting has set in, as it usually does. 
Some companies are ready to produce 
at a certain loss, just to justify keep- 
ing their skilled labor forces together. 

A further depressant has been the 
rapid improvement in core life, which 
has reduced considerably the market 
for reload cores. 


Early Hopes 
In 1957, high-water mark of hopes 
for an expanding—and acceleratedly 
ding—nuclear navy, five com- 
panies tooled up to be able to pro- 





duce about 50 (if needed, 60) cores 
a year. Annual capacity of each of 
the five is now believed to be: Bab- 
cock & Wilcox, Lynchburg, Va., 8; 
Combustion Engineering, Windsor, 
Conn., 8; Westinghouse Atomic Fuel 
dept., Cheswick, Pa., 10; Olin-Mathe- 
son, New Haven, Conn., 12; M&C 
Nuclear, Attleboro, Mass., 12. 

In the spring of 1957, Vice (then 
Rear) Admiral H. G. Rickover, head 
of NRB, told the Joint Committee on 
Atomic Energy about the procure- 
ment of naval reactor cores and other 
components, and the development of 
a supplying industry: 

“The next important thing we had 
to do [after assuring zirconium su 
ply] was to get more facilities for 





Six More S5W Sub Reactors 


Under a Polaris speedup plan 
proposed by the Defense Dept. and 
approved by the President, six more 
SSW submarine reactors would be 
ordered for as many Polaris-firing 
subs—traded against two of three 
attack submarines, also in the fiscal- 
"61 budget: net gain, four. The 
proposed ’61 budget would now con- 
tain three fully-funded missile subs 
plus procurement of longlead-time 
reactor parts for nine more—plus one 
remaining Skipjack-type attack sub. 
Total Polaris subs authorized would 
rise to 21. 











making reactor cores. Our practice 
right now is to have our laboratories 
develop and make the first core of a 
type, and thereafter to put it out on 
competitive bidding ...We now 
have a number of companies that 
have equipped themselves at their 
own expense to manufacture cores on 
a competitive basis . . . Each com- 
pany has put in at least $3-million of 
their own money, with no certificate 
of necessity, for the necessary facili- 
ties. They have taken contracts for 
these cores on a competitive basis. 
On this basis we were able to order 
these cores for less cost . . . ” 

REP. HOLIFIELD: Do you have any 
troubles getting private companies to 
bid on these different components? 

ADM. RICKOVER: Not on reactor 
cores . . . We are trying to get this 
program into industry as fast as 
possible—to buy it like a loaf of bread. 

REP. PATTERSON: You could not ex- 
pect any manufacturer to put special 
gear into a plant where he is going 
to make only 200 or 300 or probably 
even two. 

RICKOVER: Yes, sir; I do. 

PATTERSON: You expect him to do 
that? 

RICKOVER: Yes, sir. 

PATTERSON: And have them pay for 
the tooling? 

RICKOVER: Yes, sir. Sure. Why not? 

REP. Price: Are they doing it ex- 
tensively? 

RICKOVER: Yes, they are. 

HOLIFIELD: Do they do it at a loss 
to themselves? 
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RICKOVER: Look, next year we are 
going to have about $50-million 
worth of reactor core business alone. 
It is like a fuel business. Once you 
get a ship“in the water with a core 
you have got it there three or four 
years, then you have to take the core 
out and put a new one in. It is like 
the oil business .. . 


Lost: 40 Carrier Cores 

The $50-million worth of reactor 
core business Admiral Rickover said 
would materialize in 1958 was pre- 
sumably based on the fact that in 
addition to submarine cores, eight 
A2W cores for the carrier Enterprise 
were to be ordered that year: some 
$32-million alone, at then-current 
prices. In 1957 the Navy planned 
to build five sisterships to Enterprise, 
one a year: a total of six carriers, 
requiring eight cores each, over six 
years. 

But it was not to be. The budget- 
parers and the enemies in Congress 
of the carrier ship-type (who con- 
tend, rightly or wrongly, that the 
carrier is outdated) double-teamed 
the Navy’s nuclear carrier fleet plan, 
and Enterprise, now being readied 
for September launching, is still one- 
of-a-kind. 

A similar fate overtook expansion 
of the nuclear submarine buildin 
program. Despite the demonstrate 
and proven value of craft like 
Nautilus, Skate and Skipjack, budget 
considerations have prevented attain- 
ment of the Navy's hoped-for buildup, 
at a rate of 12 or more a year, to 
fleets of 75 Skipjack attack-type, and 
40-50 Polaris-firing submarines. In 
fiscal-59, thanks to a supplemental 
appropriation bill, a record 11 nuclear 
subs were authorized, but in fiscal- 
60 the number dropped to four, 
lowest since fiscal-’55. The fiscal-’61 
program is undergoing some upward 
revision as this is written (see p. 20). 


Famine for Fuel Fabricators 

This is why the lean years set in 
for the core manufacturers. Far from 
averaging ten cores/yr each, they are 
now lucky if they can divide up a 
total business of ten cores a year— 
that is, if they can average two a 
year. 

Then the famine began to spiral— 
to feed on itself, so to speak—as com- 
= got hungrier, competition 

eener, prices lower. For instance 
one company contracted early in 1957 
for the first post-developmental SSW 
core at $4.5-million. It lost money— 
although it did learn the tricks of 
making the S5W core efficiently. 
Last year a competitor “bought” two 
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Navy Core Assignments Thus Far 





Comb. 


BEw Eng. 


Core type® 


M&C 
Nuclear 


Westinghouse 
Olin Cheswick Bettis KAPL 





S1W-S2W 

$1G-S2G 

S3W-S4W 

S3G-S4G 

$1C-S2C 
C1W-A1W-A2W 
D1G-D2G 

SSW 4 


Annual capabilityt 8 


* To match core- and reactor-types with individual 


+ Expressed in terms of submarine cores. The 
the equivalent of about 14-2 submarine cores. 


W- 





S5W orders for less than $2-million 
each. Next time around the first 
company bid less than $1-million 
each to build a pair of SSWs, which 
it could now build for perhaps $2.25- 
million each. Thus it has voluntarily 
taken a loss of $1.5-million per core, 
$3-million total, just to keep busy. 

Consequently there might well 
have been some lexity on the 
part of industry us it heard Ad- 
miral Rickover tell the Joint Commit- 
tee recently: “I understand most of 
the companies who are making cores 
for us are now in the black to the 
extent that they are beginning to 
make money now. I don't believe 
any of them have fully recovered the 
cost of their investments, but they are 
not losing money any more.” 

The economic history of the AlW- 
type (carrier and cruiser) core has 
followed the same pattern. The first 
ones were made for $4-million; the 
going price now is about $2-million 

us. 
In Admiral Rickover’s words, “The 
cost of cores has decreased about 
40% or so in the last two years. 
Furthermore, the life we are getting 
out of the cores has gone up about 
70%. Roughly, there is a reduction 
wa usage of about three to one. It 

= down about three times if 
you figure the cost per kilowatt-hour 
or unit of energy out of the core . . . 

“For example, in the Skipjack-type 
submarine, the cost has gone down 
to about 30 or 40% of the original one. 
The life with a new core we are put- 
ting in will go up about 70%.” 

Having costs go down 40 or 60 or 
70%, having a number of vendors fall- 
ing over each other to be of service, 
would ordinarily leave the purchaser 
happy. But industry gives NRB 
credit for being perplex d uneasy 
about the situation. For obviously 


if disappointment were to turn to 
despair in epidemic proportions and 
most core manufacturers gave up at 
the same time, it would be disastrous 
to the naval reactors program. 

“Each of the core makers has very 

ood reasons for staying in,” said an 
official of one of them. “But if they 
bleed too much, they might change 
their minds.” 
, In —— = of the five manu- 
acturers have —_ the pre- 
ponderant of the orders—M&C 
Nuclear, Olin Matheson and Westing- 
house. Yet one of the companies in 
the minority points out that there has 
been no attempt to “pull any strings”— 
that this is the result of the prices bid, 
in the play of the marketplace. The 
three that captured most of the 
business simply bid lowest. If two 
firms bid the same, it was suggested, 
NRB might try to help the one in the 
worse situation, but could do this 
probably only if the price spread were 
not greater than about 0.5%. 

As a matter of fact, Admiral Rick- 
over is reported to have made one 
about-face to try to help his core 
makers: where he once insisted that 
a naval core fabrication facility be 
used exclusively for Navy work, he is 
now said to encourage the fabricators 
to try to obtain commercial work. 

But this has not yet materialized, and 
the firms’ unique capability in fuel 
fabrication development—a potentially 
great source of strength to the U. S.’ 
nuclear power pro generally—is 
near! idle. The feel that they 
could contribute to the fuel cycle pro- 
gram, taking basic data dovckaged in 
the national laboratories, and working 
on fabrication development. They 
point out, too, that if the government 
wants to rely on — industry 
skills, a bad precedent set here might 
affect the readiness of industry in 





future to invest its own money in 
similar projects. 

Not only has the number of cores 
ordered turned out to be less than 
one-quarter of what the industry ex- 

cted, not only have the rapidly- 
alling prices cut the total dollar 
volume in half again, but in addition 
the replacement business is obviously 
going to be cut 70% if the core life is 
increased by 70%. This helps ex- 
plain why the core makers are not 
optimistic about an improvement in 

e situation for at least a year or two. 

What are they doing about it? 
“We are trying to improve our effi- 
ciency as rapidly as we possibly can,” 
offers one. “We are trying to oper- 
ate on a survival basis, in the hope 
of some pick-up, especially when the 
Polaris missile subs have shown they 
are as good as they can be.” 

How can one forecast at least 
short-term core demand? Watch the 
ship construction schedules. It takes 
2% years to build a submarine, only 
one year to build a core—but no nu- 
clear sub has ever had to wait for 
fuel. So it can be reliably estimated 
that core orders will be signed about 
1% years before a sub is completed 
and ready to begin nuclear testing of 
her primary loop. 

As for long-term forecasting: the 
situation is much too dependent on a 
non-technical, non-economic intan- 
gible: the unpredictable mood of 
Congress and the Administration, and 
their interplay. But there is an opti- 
mistic promise held out by Admiral 
Rickover, in his testimony before 
JCAE earlier this year: 

“We currently have under contract 
with industry about $200-million for 
nuclear cores...” [This backlog 
is quite unevenly spread: Combustion 
is reportedly ready to ship out its last 
core; Olin has just recently shipped 
its first one after considerable delay , 
and has a huge backlog.] . 
We expect within the next five years 
to order an additional $140- to $150- 
million for nuclear cores and the 
same amount for replacement cores.” 

This total of $280-300-million over 
five years would mean $56-60-million 

year if mt at an even rate, 
L gnilicantly ane than was commit- 
ted last year. It may be, however 
that Admiral Rickover is also count- 
ing on expansion of the Polaris sub- 
marine program, and has in mind a 
dual increase in annual core orders, 
with the bulk of $300-million being 
spent in the latter part of the five- 
year period. If so, it would be a 
considerable improvement over the 
core makers’ present plight. But the 
Admiral isn’t saying. 
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PWR critical again with Core-1, Seed-2 


PWR at Shippingport went critical again April 12 with the 
second set of seed elements in its first core (NU, Dec. ’59, 22; 
April 60, 21). Rod worth and other physics tests as* well as 
complete plant checkout are being run, and full power was ex- 
pected to be reached by April 23 or 24, but a problem with feed- 
water heaters may delay that somewhat. Seed 2 is expected to 
deliver as much as 60 Mwe. 


USPHS fo increase activities on radiological health 


The Administration has decided to reorganize the U. S. Public 
Health Service to create a new Bureau of Environmental Health, 
with particular emphasis on research on and control of radiation 
in air and water. USPHS now has three bureaus—State Services, 
Medical Services and National Institutes of Health (cancer, heart 
disease, etc.); the new Environmental Health bureau is expected 
eventually to reach the size of the NIH group, whose annual 
budget is more than $400-million. The new Bureau would absorb 
the present Radiological Health div. (see page 23) and bring a 
major acceleration of the Division’s efforts to learn more about 
the sources of radiation (including reactors, etc.) and effect of 
radiation on man. 


AIF rejects EJC bid for joint backing of one trade fair 


The Atomic Industrial Forum last month turned down a pro- 
posal from the Engineers Joint Council that the two groups drop 
their plans for separate trade fairs in 1961 and get together with 
the American Nuclear Society for one big show and meeting in 
1962 and beyond. EJC has had a show scheduled for the ’61 
Nuclear Congress in Chicago next spring. AIF, on the other 
hand, will resume its AtomFair in December of this year in San 
Francisco and has scheduled the next AtomFair for late in 1961, 
also in Chicago. EJC, in effect, had proposed a truce for ’61: 
both associations would have called off ’61 exhibitions and 
negotiated joint sponsorship of one annual show thereafter. AIF's 
rejection of the idea left EJC with the choice of proceeding with 
its spring show or dropping it; there were signs late in the month 
that it would be cancelled. 


Mainhardt, Biehl leave AGN to create own firm 


Two key executives of Aerojet General Nucleonics have left 
AGN to form their own firm—M. B. Associates. They are Robert 
Mainhardt and Arthur T. Biehl, respectively, vice-president and 
general manager at AGN. M. B. Associates has been head- 
quartered at Danville, Calif, near AGN headquarters at San 
Ramon. It is offering consultant service on fission and fusion, 
emphasizing advanced technology, but will not limit itself to 
reactors. Chandler C. Ross, AGN vice-president for engineering, 
has succeeded Biehl. 


Dresden on line, expected to go to half power 


Dresden began delivering electricity to the Chicago area late 
last month, reaching 64 Mwe on Apr. 18 and expecting to reach 
its legal, half-power limit (90 Mwe) before month’s end. AEC 
hearing on a full-power license for Dresden is scheduled May 4. 


AEC reduces access-permit categories from 27 to 2 
AEC has reduced its access-permit program to two categories: 
nuclear technology and plutonium production (down from 27). 
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Nuclear-Instrument Trade Assn. Continues to be Elusive 


An attempt by the Electronic Industries Assn. to form a strong nuclear- 
instrument trade association has met with an unenthusiastic response by 
the industry. This was the report from EIA in Washington following 
a recent suggestion by officials of the Radiological Health div. of the 


U. S. Public Health Service that 
such a trade association was needed. 

The 20-month-old USPHS division 
considers itself both a growing cus- 
tomer for nuclear instrumentation and 
an influential force in the future ac- 
quisition of instrumentation by state 
and local health officials. Division 
officials called for an association with 
which they could deal in the procure- 
ment, standardization and develop- 
ment of such equipment. 

“We need an association to deal 
with so we can present our problems 
to the industry and not selectively 
encourage one firm over another,” a 
Division official explained to NuCLE- 
onics. “... Eventually this will 
be a pretty good sized program of 


equipment purchase.” 


A Slow Start at EIA 

EIA officials, reporting on the re- 
luctance of industry manufacturers to 
join its year-old Nuclear Instrumen- 
tation Section, said the poor showing 
was a 


them to relegate the 
group to the status of a subsection 
within a new section on all types of 
instrumentation. Only seven firms 
have joined the Nuclear Instrumenta- 
tion group, they said—only one is a 
so-called independent specializing in 
this type of equipment. 

Present membership: Anton Elec- 
tronics Laboratories; Bendix Aviation 
Corp. (Cincinnati div.) ; Collins Radio 
Co.; RCA Service Co.; Tung-Sol 
Electric Co. (Chatham Electronics 
div.); Westinghouse Electric Corp. 
(Power & Nuclear Control Engineer- 
ing Assembled Switchgear & Devices 
dept.); and Hughes Aircraft Corp. 
(Nuclear Electronics Laboratory). 

The Section was established last 
spring under the leadership of Nich- 
olas Anton, president of Anton Labs. 
It was decided then to request affilia- 
tion with EIA to avoid the formidable 
expense of creating a staff and estab- 
lishing offices for an independent 
group. Section meetings have been 
attended by representatives of non- 
EIA members, according to Anton, 
but formal membership has failed to 
build up. 

The present attempt to form an as- 
sociation is only the most recent of 
several earlier failures. The first, es- 
tablished ten years ago, was fairly 
successful but declined when the 
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group associated itself with the prede- 
cessor of EIA. Abortive efforts have 
since been made via the Atomic In- 
dustrial Forum and on an independ- 
ent basis. 


Forum Again Active 

Officials of the Atomic Industrial 
Forum said they have recently talked 
with radiation-industry executives and 
officials of the Public Health Service 
about the trade-association situation. 
With the prompting of Ernest Wake- 
field, president of Radiation Counter 
Laboratories, and others with a 
strong interest in seeing an associa- 
tion developed, the Forum is con- 
sidering stepping up its activities in 
the gathering of gree | statistics 
and in the working out of standards. 

The Forum also considers itself in 
a position to help government agencies 
circularize the radiation industry on 
procurement of equipment. 


Industry Officials Comment 

All but one of several industry 
officials queried by NucLEoNIcs— 
most non-EIA members—said they 
favored creation of a strong associa- 
tion. It was the majority opinion, 
however, that it was not worth the 
effort unless the body were an inde- 
pendent one, representing nucleonics 
firms only. Obstacles described by 
these executives ranged from suspi- 
cions among competitors of each 
other, to the sheer independence of 
firms in the business and to the ex- 


pense of such an organization. Some 
comments on both the association 
idea and on dealing with the govern- 
ment via an association: 

Samuel Auchincloss, Tracerlab: “I 
don’t see why anybody in a red- 
blooded, competitive industry should 
do it this way [deal with the govern- 
ment via an association]. I don't 
think we ought to do it.” He said it 
was tantamount to asking “a group of 
rugged industrialists” to give up de- 
velopment of unique products in 
favor of manufacturing the same 
products. He also warned that it 
could get the industry into antitrust 
trouble. 

John Kuranz, Nuclear-Chicago: 
“There is a great need for such a 
group in the industry—a good, stron 
association. All of us understan 
why it’s needed but we can’t get 
together. e.. has to be started up by 
a respected organization or someone 
with no ties to the ind in whom 
the industry can have confidence.” 

Irving Zimet, Victoreen: “Victoreen 
would like to see one and participate 
in one. It would not like to see one 
which is a sales football—where much 
of the information exchanged in 
meetings is used by your competitors.” 

Don Collins, Landsverk: “EIA is 
not the pro up to represent our 
pet Aaah We cael ts On oup. 
When I look at the expense of join- 
ing EIA I can’t see where any of us 
would get value received.” He said 
Landsverk generally preferred to deal 
with government customers directly 
but t an association would be 
helpful where there were problem 
agencies. He summed up: in- 
dustry doesn’t pull together enough 
to have an independent nuclear group 
—and none of the existing groups 
really represent us.” 





have been 
staff 


proposed $6.3-million in 61. 


both training and advice. 





What is the Radiological Health Division? 


USPHS’ Radiological Health div., established July 1, 1958, has a far- 
reaching mandate on behalf of the federal government: to develop data on 
radioactivity in air and water, from whatever source, and to relate this to 
the public health—its effect on man. Under Francis Weber, the division 
staff has grown from less than 100 in fiscal year 1959 to 171 this year and 
funds are sought in the 61 budget to increase it to 362. Radiological labs 
established in Las Vegas, Nev. and Montgomery, Ala., and a third 

group will be located in Montgomery County, Md. The division's 
budget has increased from $660,000 in 59 to about $3-million this year to a 


It has pending in Congress a request of $350,000 for advance procurement 
of equipment—most of it radiation instrumentation—to equip its growing 
staff. In its operations it will work closely with state and local officials 
interested in establishing their own radiological-health programs—giving them 














Space Flight with Nuclear Power Moving into Foreground 


Space travel with nuclear power—for both power and auxiliary use 
—made significant advances last month after a number of separate de- 
velopments on various fronts in the race to space. Here are nine: 

1, Shippingport into Orbit? Perhaps most interesting development 


was Westinghouse’s prediction that 
by 1970 it would be able to lift into 
orbit an auxiliary power plant of 60 


Mwe—the output of S peneeet 
John W. Simpson, Westinghouse vice 
president for atomic power and head 
of its Astronuclear Lab, told the open- 
ing session of the Nuclear Congress 
that in ten years it would be possible 
to build a 60-Mwe nuclear power 

lant weighing only 120 tons—4 
fb kw. (SNAP-2 weighs about 210 
Ib/kw.) This would require a fast 
reactor, stripped of all expendable 
components and pushing temperatures 
to the highest that known materials 
can stand. This in turn means 
ceramic fuel and a closed-cycle reac- 
tor-turbine-pump loop using a coolant 
such as molten or boiling sodium— 
eliminating heat exchangers, valves, 
etc. Simpson feels that the demand 
for auxiliary power in space has not 
yet been sufficiently realized. 

Simpson’s Astronuclear group be- 
lieves it can build a 1-Mwe plant by 
1965, a 10-Mwe by 1967—and that it 
can achieve an 8 lb/kw plant weight 
with today’s technology. It is already 
at work on the materials and systems 
problems involved. 

2. Nuclear Rocket Portrait. Ed- 
wards Air Force Base, acting as nu- 
clear rocket center for the Air Force, 
quietly issued an invitation to bid on 
making a broad study: what a nuclear 
rocket will be like, what is now avail- 
able and what is likely to be, what 
this means to the Air Force in terms 
of its mission analyses. Every firm 
having any interest at all in nuclear 
space power is reported to have bid. 


Flight-test for Rover 

3. Rover Flight-test Program. 
NASA promises to have invitations out 
in a month or two on a 6-9 months’ 
study of a flight-test program, in sup- 
port of the Rover (nuclear rocket) 
project. Following the success of last 
summer's test of Kiwi-A (NU, Aug. 
"59, 23), the Rover project is now in 
position to start serious work on the 
problems of launching a flight test 


vehicle. (Kiwi is of course not a 
flight proto but a materials and 
fuel test.) e study will cover de- 


sirability of surface launch vs space 
launch; control, startup and radiation- 
level problems; shock dynamics; site 
location; consequences of failure; re- 
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entry. Result of the study will be a 
flight-test program for a rocket such as 
the Rover project might produce. 

4. Kiwi-A3. Los Alamos Scientific 
Lab is building not one, but two suc- 
cessors to Kiwi-A: in addition to 
Kiwi-A Prime (NU, March ’60, 29), 
it is building Kiwi-A3. The two are 
nearly identical, and “outwardly sim- 
ilar” to Kiwi-A, now reassembled 
without core for use as a mockup for 
cold flow experiments in preparation 
for tests this summer on the two new 
Kiwis. Kiwi-A Prime is already . 
assembled at Los Alamos and wi 
undergo cold critical tests there before 
shipment to the Jackass Flats, Nev., 
test site. Power operation is to start 
in midsummer; Kiwi-A3 tests will start 
shortly after A Prime tests are com- 
ae . Kiwi-A3 will be tested to 
ailure (“until there is positive evi- 
dence of damage to the reactor”) to 
determine safety margins and perform- 
ance limits. At Jackass Flats, con- 
struction has begun on a second test 
cell, similar to the first but permitting 
more extensive exploratory testing of 
complete rocket engines. 

5. Quadruple Power at Half Cost. 
The virtue of combination chemical- 
nuclear space vehicles was pointed out 
to the American Power Conference 
in Chicago by Lt. Col. Howard R. 
Schmidt, USAF, of AEC. Replacing 





KIWI A operating last summer: flame 
is hydrogen propellant being burned off 





the third, fourth and fifth chemical 
stages of the Saturn space vehicle now 
under development with one nuclear 
stage—a 2-Mw reactor—would double 
the payload from 9,000 to 18,000 Ib, 
Schmidt said. Then replacing the 
second stage also, by an 8-Mw re- 
actor, would quadruple the payload, 
to 36,000 Ib. Yet such a combina- 
tion vehicle would cost but $24-mil- 
lion (including an estimated $10- 
million for the two reactors) as against 
$48-million for the all-chemical, also- 
$6,000-Ib-payload Nova that is 
apes as next step after Saturn. 

e combination vehicle could be op- 
erational within 15 years. 


Case for Nuclear Rocket 

6. A window on the future of nu- 
clear power in space was opened at 
the Joint Committee on Atomic Energy 
hearings on “Frontiers in Atomic Re- 
search.” Krafft Ehricke of General 
Dynamics (Convair) and Raemer 
Schreiber of Los Alamos outlined the 
case for nuclear space propulsion. 
The gist of it (as Ehricke put it): 
“Space will be conquered only by 
manned nuclear-powered vehicles. 
Planning anything else for the late 
"60s is flirting with obsolescence al- 
most from the start . . . The surest 
way to cripple the U. S. space capa- 
bility of the "70s is to cripple its nu- 
clear engine development now... 
We should not hesitate to proceed 
doing right away what eventually we 
will have to do anyway.” 

7. SNAP-8 Turbine to Aerojet. 
The $8-million job of building the 
eed eT system for Atomics 
nternational’s SNAP-8 (30-kwe scale- 
up of the 3-kwe SNAP-2) went to 
Aerojet-General, chosen from among 
eight bidders. SNAP-8 should be op- 
erational in five years, could also serve 
as power source for an ion-propulsion 
engine. Since the SNAP-8 reactor 
output will allow generation of 60 
kwe, there will also a dual version 
with one reactor and two sets of con- 
version machinery, making a 60-kwe 
package of 3,000 Ib (50 Ib/kw). 

8. Uses for SNAP. At the JCAE 
“Frontiers” hearing, some uses for 
SNAP power beyond instrumentation 
and idenathiings were outlined b 
J. R. Wetch of Atomics Parenamen | 
They include: reliable low-cost all- 
weather intercontinental telephone sys- 
tems; all-weather worldwide FM 
broadcasting; continuous global tele- 
casting; precise air-traffic control; 
navigational aids; and weather sur- 
veying. 
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AEC Compliance Div. Delayed, Will Soon Inspect All Licensees 


A little of the confusion over AEC’s inspection operation was cleared 
up last month by William F. Finan, the Commission’s new assistant 
general manager for regulation and safety. AEC had made the internal 
decision, before Finan came on the job in December, to establish a new 


Compliance div. and shift the in- 
spection of licensees to this new di- 
vision. Six months later, however, 
the Compliance div. is still a paper 
one. 

In an interview with NUCLEONICS, 
Finan explained that staffing of the di- 
vision was being held up until a direc- 
tor can be named. When it is 
formed, he said, it will assume respon- 
sibility for the safety inspection of all 
licensees of the Commission, including 
the 8,000 holders of radioisotope-use 
licenses and the reactor, critical-as- 
sembly, special-nuclear and source- 
material licensees. 

The Inspection div., which is one of 
‘only three AEC groups specifically 
created by the 1954 Atomic Energy 
Act, will continue to concern itself 
with AEC and contractor activities, 
reporting directly to General Manager 
A. D. Luedecke, Finan said. 


Dual Functions and ACRS 

Finan also had a little to say about 
two areas of nuclear-safety of par- 
ticular interest at this time: the ques- 
tion of separation of AEC’s regulatory 
and promotional functions; and the 
status of the Advisory Committee on 
Reactor Safeguards. 

On the first point, he said there was 
no basis for speculation that a sep- 
arate agency might be established in 
the foreseeable future. “It has never 
been a part of my understanding— 
now or at the time I accepted this job 
—that it would involve setting up a 
pe pet group separate and physi- 
cally apart from the promotional and 
developmental activities of the Com- 
mission,” Finan said. 

The difficulty of staffing two sep- 
arate agencies with competent person- 
nel, plus the problem of coordinating 
research activities on safety (“These 
are matters on which my people are 
constantly consulted by all the other 
divisions in the Commission”), makes 
a physical _ in the staff highly in- 
opportune, he believes. A man who 
has dealt with management of the 
atomic energy program in his former 
post as director for management and 
organization at the Budget Bureau, 
Finan commented: 

“From the management point of 
view, it would only mean that the 
President—overburdened as he is— 
would repeatedly be called on to co- 
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ordinate the activities of the two 

arate bodies. This is, of course, the 
same type of problem which necessi- 
tated creation of a single Federal 
Radiation Council to coordinate the 
radiation standards problem which ex- 
isted between all the government 


agencies.” 


Role of ACRS 

The ACRS role in reactor safety has 
been an one—as between it 
and the Commission—since the Price- 
Anderson Indemnity Act was amended 
to make ACRS statutory; that is, a 
body created by Congress to review 
reactor safety. AEC has its own staff 
for this job. Are both of these safety 
groups responsible to AEC? Or is 
ACRS, from a practical point of view, 
responsible to the Con and— 
through it—to the public? Since its 
advice to AEC must be made public 
—also by amendment of Price-Ander- 


son—is the practical effect of this to 
make it an independent body whose 
“advice” AEC cannot reject? These 
questions are some of those asked by 
people at both AEC and ACRS. 

inan indicated, without taking 
sides as to the necessity for having 
the body, that he was one of those 
not clear as to ACRS’ status. 

“In addition to convincin; cing the AEC 
licensing and regulation and then, 
later, a hearing examiner, that their 
project is safe,” he said, “a that 
wants to construct a sizeable reactor 
also has to convince the part-time 
body of who look at the mat- 
ter through different eyes [ACRS]. 
This means that the project—if ap- 
proved—is not any - than it a 
all along. It means roject 
been additionally cheched and this 
time by technicians with a . 

On the other hand, he said, the 
ACRS review lends to me regulatory 

rocess a ter degree of assurance 
than Any “institutionalized ap- 
proval.” 

“The ones who are politi ac- 
countable to the people want ACRS,” 
Finan could only conclude. 


AEC Issues Two Permanent Indemnity Rules . . . 


AEC last month issued two important permanent 


tions on reactor 


liability under the Price-Anderson Act; they become effective May 7. The 


first 


lis out the financial protection required of a reactor licensee, 


according to reactor size and population density; it also provides $500- 


million government indemnity above the financial protection 
The second approves the liability-insurance policy forms proposed 


uired. 
“ys the 


Nuclear Energy Liability Insurance Assn. and Mutual Atomic Energy 


Liability Underwriters. 


ublished by AEC was a p 


regulation describing the 


Also 
general iheite of agreement to be entered into between AEC and reactor 


licensees 
educational 
ments). 


uired to have financial protection (federal and nonprofit 
> leunedin are exempt from the financial protection require- 


. . « and Calls Attention to Possible On-site “Gap” 


AEC officials let it be known last month that enactment of an amend- 
ment to the Price-Anderson indemnity law—which the Commission itself 


age. The situation is 
construed as providing liabili 
ample, liability for damage to 


is sponsoring—raises the ibility of a “gap” in reactor insurance cover- 

<i 5 this: Price doshas as it now stands could be 
coverage for on-site property (for ex- 
e reactor). 
the Act is not intended to cover on-site pro; 


However, AEC lawyers feel, 
; such coverage, they 


perty 
contend, would simply dilute the $500-million available under the Act for 


off-site liability. 


us, AEC is pushing its request that Price-Anderson 


be amended to exclude on-site liability. 
On-site property insurance is available from the insurance industry in 


the amount of about $60-million. 


However, complete destruction of a 


$100-million reactor would create a “gap” of $40-million. On the $60- 
million that is available, the insurance com 


ies have waived their right 
of subrogation (suit against any supplier) ; but the suppliers could be hit 


by suits for damage over $60-million. AEC officials 


not re the 


situation as serious, rather “something that ought to be thought about.” 





IN THE IDAHO DESERT, Argonne’s 
Idaho group last month fiinished in- 
stalling EBR-2’s primary tank, mark- 
ing 85 %-completion of gross construc- 
tion (excluding nuclear systems) of the 
reactor plant (power is 93% complete). 
The 16.5-Mwe EBR-2, last of the five 
reactors in the 1954 Five Year Pro- 
gram, is—with the 100-Mwe Fermi 
fast breeder—a keystone in the U. 8.’s 
breeder development program. It is 
aiming for December criticality. 


2 Drives to Completion 


Half of the primary tank cover arrives on site. A unique design 
feature of EBR-2, the 26-ft-dia, 30-ft-deep tank houses not only 
the core but the entire primary system 


Complete primary tank assembly, including~cover, inner and 
outer vessels, being raised ovt of tank cavity for installation of 
thermal insulation on exterior surface. Isometric sketch (below) 
shows relative position of parts 
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REACTOR NEWS 


BAD MONTH FOR RESEARCH, TEST REACTORS 
Two U. S. research or test reactors ran into trouble last 
month: 1. At the Westinghouse Test Reactor there was 
evidence one or more (but probably not more than 
three) fuel elements had ruptured. Monitors in the 
head tank and surge tank gave the first warning; in some 
places readings reached 4-6 r. But no activity got be- 
yond the property and not one employee was over-ex- 
posed: none received so much as a week's dose. The 
reactor staff does not yet know exactly what happened 
as beta activity on the shroud of the pressure-vessel head 
has delayed its removal. Decontamination was proceed- 
ing as this went to ae 

WTR had already operated about 15 days at 40—45- 
Mw in moving up from the original 20-Mw to the newly- 
authorized 60-Mw power level. But at the time of the 
accident it was actually going down in power, after 
having run for a while at 30-40 Mw. 

2. West Berlin’s U. S.-built “teakettle” (water-boiler, 
or solution-type) research reactor broke down. The 50- 
kw Atomics International unit halted operations when a 
welded metal piece came loose inside the catalyst 
chamber and stopped the gas flow. The reactor will 
have to be taken apart and the highly radioactive cham- 
ber cut open. Experts from the Berlin branch of 
Pintsch-Bamag agreed to tackle the repair job. 


GE RADIATION MEN EXPOSED AT TWO SITES 


General Electric technicians in radiation atmospheres 
were recovering from overexposures last week. At Val- 
lecitos, a technician preparing a spent—and deliberately 
ruptured—GETR fuel element for transfer from the 
storage pool to the active materials lab inhaled tracer 
amounts of radioiodine in excess of permissible limits, 
but said to be 1/500th of the amount used in thyroid 


therapy. And at — N. Y., nine GE employees 


got too close to an unshielded klystron microwave tube 
at an Air Force electronics lab and some got over 100 r 
partial-body dose (they were protected by the lower 
part of the shield). Three were sent home, three were 
discharged, and three are recovering from the usual 
effects of radiation sickness from this nonnuclear source. 


THREE REACTOR SITES UPSET 

The process-heat reactor group gave up on the Pt. Loma, 
Calif., site (NU, April "60, 30); the AEC-Interior Dept. 
team planning the nuclear plant to desalinize seawater 
is considering its next move. It has a number of alter- 
nate sites in Southern California and is assigning 
priorities to them on a crash basis....A Hawaii 
circuit court judge has denied Hawaii Electric Co.'s ap- 
plication to condemn a 485-acre site for a nuclear power 
plant (NU, Jan. °58, 25), climaxing a 2%-year court 
fight. . . . And the site proposed by Jamestown, N. Y., 
for the Small-size Pressurized Water Reactor (NU, Feb. 
‘60, 17) was ruled too close to a densely-populated cen- 
ter by both the Advisory Committee on Reactor Safe- 
guards and AEC’s Hazards Evaluation Branch. 


PRESSURE SUPPRESSION: MORE STUDY BY PG&E 


Pacific Gas & Electric asked postponement of hearings 
on a construction permit for its Humboldt Bay reactor 
in the light of a report by the Advisory Committee on 
Reactor Safeguards. ACRS had found that the reactor 
design was “adequate” for the chosen site with conven- 
tional pressure-vessel containment, but that “the informa- 
tion so far provided does not demonstrate the suitability” 
of pressure 4 jg a “Further tests are necessary,” 
ACRS decreed. Thereupon, PG&E president Norman 
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R. Sutherland told nucteontics, “we elected not to re- 
vise our form of application to the conventional form of 
containment. Instead we want to carry out the tests 
—— by ACRS on pressure suppression, because we 

ink there is merit in our plan.” PG&E will spend an- 
other $100,000 on the tests, which will involve building 
one of 48 segments, full-scale, of the pressure-suppression 
chamber and testing it with steam. Sutherland says the 
work will throw Humboldt Bay back four months: one 
to build the facility, two to test, one to evaluate results. 


AEC REPORT ON TANKER REACTORS FILED 
The report the Joint Committee on Atomic Energy asked 
AEC to file by April 1, on three design studies for a 
reactor to drive a 43,000 dwt ton tanker, came out: 
direct cycle boiling (General Electric) reactor, $22.3- 
million capital cost, $3.8-million ee eee 
surized water (Combustion), $23.2- and $4.07-million; 
indirect cycle boiling (Westinghouse), $24.4- and $4.01- 
million; conventional plant, $17.3- and $3.3-million. The 
net effect of the report, plus lack of enthusiasm on the 
part of influential members of ad cag Committee on 
Atomic Energy and the fact that the Administration is 
taking no favorable position, makes it obvious that the 
long: oped-for second U. S. nuclear merchant ship, a 
tanker, will not be voted this year. 


TOWER SHIELDING REACTOR NO. 2 CRITICAL 


The second research reactor suspended from the tower 
shield facility at Oak Ridge went critical March 26. 
TSR-2 replaces the similar but less powerful TSR-1 
which was shut down in December 1958 and dismantled 
because it could no longer fill the need for high neutron- 
flux emission in all directions. TSR-2 has a 5-Mwth 
maximum power level, compared with TSR-1l’s 500- 
kwth. The $1-million tank-type heterogeneous reactor 
will be suspended as high as 200 ft from the four 324-ft 
high towers (sketch, NU, Aug. ’56, 74). A unique fea- 
ture is its spherical core, made up of 21 fuel elements 
with enriched-U-Al plates joining to form many con- 
centric cylinders, and made spherical by varying the 
length of the plates. 


CONSTRUCTION TO START ON TWO 
POWER REACTORS 


An immediate construction start was ordered on both the 
Carolinas-Virginia 17-Mwe pressurized heavy-water reac- 
tor at Parr, S. C., which was awarded its construction 
permit last month; and the 30-40-Mwe High Tempera- 
ture Gas-cooled Reactor at Peach Bottom, Pa. The latter 
obtained approval of its site from the Advisory Commit- 
tee on Reactor Safeguards; the reactor design already has 
AEC approval, so issuance of the construction permit is 
now considered a relative formality. ACRS found the 
site providing “a generally acceptable degree of isolation 
when considered in relation to the proposed high-integrity 
containment.” LEarlier the city of Baltimore and other 
communities had questioned the project's possible effects 
on their water supplies. ACRS also last month reported 
favorably on the application for an operation license for 
the materials testing reactor under construction at Plum 
Brook, Ohio, for the National Aeronautics and Space 
Administration. 


GM WORKING ON PROCESS STEAM REACTOR 


A General Motors missiles unit in Milwaukee is interested 
in building a process steam reactor for use at an undis- 
closed GM plant, and has informally sounded out AEC 
about it, but is worried about site safety. 
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France to Build EL-4 in Brittany 


A Breton site has been chosen for France’s next big 
power reactor, the 100-Mwe EL-4, first to depart from 
France’s graphite-moderated power units. The heavy- 
water-moderated reactor (NU, Feb. "60, 20) will be 
built in the Monts d’Arrée, a desolate mountain region 
80 mi east of Brest. EL-4 is to be started late this year 
or early next, and will be on the line four years later. 


SELNI Finds New Site, on Po River 


After opposition to the SELNI utility group’s Riviera 
site at Vallegrande culminated in the mayors issuance 
of a decree prohibiting construction of any plant using 
radioactive materials (NU, April 60, 29), SELNI found 
an alternate site 83 mi NW for its 165-Mwe Westing- 
house pressurized water reactor. This is on the Po 
river at Trino, 11 mi south of Vercelli and halfway 
between Turin and Milan in the heart of Italy’s most 
important industrial area. The town has given SELNI 
a six months’ option, and SELNI has already filed 
hazards reports with the national authorities; it hopes to 
get a green light and break ground very shortly. It is 
enthusiastic about the new site, which presents fewer 
technical problems, the ground being flat and firm with 
ample water available. Location of the SORIN re- 
search reactor at Saluggia only 12 mi east has accus- 
tomed the populace to the — of nuclear plants in 
the vicinity. Transport and site —— would be 
so much easier that SELNI could maintain its original 
schedule if authorization to proceed were to be issued 
without delay. 








Austria Plans Reactor Criticality Sept. 30 


The Austrian Atomic Energy Research Organization is 
planning a First-criticality ceremony Sept, 30 for its AMF 

l-type research reactor at its new nuclear research 
center at Seibersdorf, 20 mi SE of Vienna. The $2- 
million 5-Mw reactor is expansible to 12-Mw, combines 
in one unit the second and third reactors planned in 
Austria’s four-reactor path to nuclear power: a training 
reactor (the Ministry of Education is building a Triga in 
Vienna), a research reactor, a materials testing reactor, 
and finally a prototype power reactor. Austria still has 
15-20 years of potential power expansion using hydro 
and fossil fuels before atomic energy becomes essential, 
but wants to get the necessary background at once to be 
able to start using nuclear power at any time. Having 
been prohibited from doing any nuclear research for ten 
years while the Allied occupation lasted, Austria had a 








» AUSTRIAN NUCLEAR RESEARCH CENTER at Seibersdorf: building in 


foreground houses biology; parallel behind it are chemistry and 
metallurgy, and across road at left, health physics; at right angles 
behind reactor building are physics and electronics. Top left are 
administration, workshops and powerhouse. Top right (arrow) is 
IAEA's nuclear research lab. 
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lot of catching up to do—but by the same token was 
able to avoid repeating others’ mistakes. The $6-million 
research center at Seibersdorf will keep 200 busy by 
year's end, 80 of them scientists and engineers; it plans 
to concentrate on “islands of research” not previously 
covered by others, and supplementing Austrian ex- 
perience gathered through her participation in the 
Halden and Dragon projects of the European Nuclear 
Energy Agency. 


India Moving to Four-Reactor Program 





The somewhat-kaleidoscopic Indian nuclear power 
picture is beginning to become firm as a four-reactor 
program in the 1961-66 (third Five-Year Plan) period. 
Projected now are one large station of two natural-U 
reactors, 150-Mwe each, probably on the Arabian Sea 
coast between Bombay and the textile city of Ahmeda- 
bad; and two small reactor plants using enriched U, 
possibly in the Rajasthan desert region of northwest 
India, far from coal. Bombay was Mecca last month for 
Western reactor merchants, as top French and British 
reactor sales engineers followed Vasily Emelyanov to 
town (a U. S. group was already there [NU, April ’60, 
26] and another was reportedly expected). As might 
be expected, the British and + Hons are after the big 
natural-U plants, the U. S. after the enriched-U units. 


IAEA Working on Nuclear Power Costing 


A ten-man panel of experts has been convened by the 
intneealiional Atomic Energy Agency to develop nuclear 
power costing methods. Its two specific assignments are: 
1. to help IAEA draft documents on nuclear power costing 
to provide guidance for less-developed countries wishing 
to assess the possibilities for economic use of nuclear 
power; and 2. to guide IAEA’s Secretariat on data to be 
submitted in a report on the present status of nuclear 
power costs to the 4th General Conference of IAEA this 
September. 





Modifications for Dounreay Core 


The first series of experiments having been completed, 
Britain’s fast breeder at Dounreay will be shut down 
for three months while the core is modified so that a 
wider variety of fuel types can be tested. 





Spain Moves to Build First Power Reactor 





The Cabinet in Madrid took a concrete step toward 
building the long-hoped-for 30-Mwe dual-purpose 
(power and testing) reactor. It authorized Atomics 
International, whose organic-moderated design was 
selected as best of nine last year (NU, May ’59, 34; Aug., 
23) to work with the Junta de Energia Nuclear in 
preparing detailed pe and cost estimates for the plant 
for the Ministry of Industry. Thence they go back to 
the Cabinet for final approval. Financing is still a 
problem, but a high government official says it will be 
met by private enterprise and the government jointly. 


General Atomic in German Licensing Deal 


Gutehoffnungshiitte Sterkrade A.G. of Oberhausen, West 
Germany, has obtained sole manufacturing and sales 
rights in Germany not only for General Atomic’s Triga 
research reactor but also for its High Temperature Gas 
Cooled power reactor type. One of Germany’s leading 
mechanical engineering firms, GHHS has been in the 
reactor-equipment field through its fabrication of a reac- 
tor vessel for the Karlsruhe research reactor FR-2 and 
the heat exchanger for the 15-Mwe AEG reactor in 
Kahl. 
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NEWS 


Sales Subsidiary Consolidated into Baird-Atomic 
Baird-Atomic has consolidated its nuclear-equipment 
sales subsidiary, Atomic Associates, Inc., into the parent 
firm—a move it feels will streamline the B-A sales 
organization and strengthen the B-A corporate identity. 
Atomic Associates was acquired last year (NU, June ’59, 
31). The consolidation is also expected to cut down 
slightly on overhead. Atomic Accessories, another 
acquisition last year, will continue as a subsidiary with 
headquarters at Valley Stream, L. I. 

Atomic Associates had been a sales representative for 
B-A, New England Nuclear Corp., and others. Its staff 
has become a part of the B-A sales force, under Richard 
Wood, at Cambridge, Mass., headquarters; the B-A sales 
staff will continue to represent all manufacturers 
previously represented by A-A except one (Pacific Elec- 
tro-Nuclear Corp.). 


U. S. Chamber Forms Task Force on Govt. Competition 
The U. S. Chamber of Commerce has completed forma- 
tion of a “Task Force on Increasing the Role of Private 
Industry in the Government’s Atomic Energy Program,” 
accepting the invitation of AEC Chairman John McCone 
to create such a group to work with AEC. Chairman 
is Philip N. Powers of Purdue Univ. Other members: 
Harllee Branch, Jr., president, Southern Co.; Harvey K. 
Murer, research director, General Foods; V. L. Parsegian 
of Rensselaer Polytechnic Institute; Arthur V. Peterson, 
president of his own firm; James M. Phelan, = 
Nuclear-Chicago Corp.; and George W. under, 
National Lead Co. 

The task force is a permanent committee of the 
Chamber. Some of its functions: to work up a state- 
ment setting forth principles for reducing AEC competi- 
tion with industry; work with AEC “to reduce such com- 
petition”; review AEC’s national lab report; review 
AEC’s staff report on specific areas of competition cited 
by the Chamber (NU, Jan. 60, 22); and “emphasize 
the need for a clear, written, AEC policy statement in 
this area backed by instructions for implementation to all 
government installations.” 

The National Assn. of Manufacturers is also consider- 
ing a task-force-type group in this area, although some 
opposition to this approach has cropped up. 


AEC Launches New Educational-Recruiting Program 
AEC, saying it is having trouble getting good nuclear 
scientists and engineers, has launched an 18-month 
training program for prospective employees of seven 
Fe por ee Offices. The program includes nine months 
of graduate-level education at Oak Ridge or Argonne 
National Laboratories. About 30 people a year will be 
trained (also nine months in the Operations Offices) to 
handle technical assignments in the administration of 
reactor programs. 

Interestingly, the program comes as the Commission is 
internally debating whether it should continue its equi 
ment-grants to colleges and universities to increase the 
supply of manpower in the nuclear field (NU, March 
‘60, 28). AEC General Manager Alvin Luedecke has 
approved the program as proposed by the staff, with 
some modifications, and it is now before the Commission 
itself. 


AEC Drops “Horserace” on New Concept Reactors 

Frank Pittman, AEC Reactor Development chief, has 
decided to drop the “horserace” pro for reviewing 
new-reactor ideas (NU, Apr. 60, 30). Four proposals 
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received under the last round of ~ ye mae being re- 
viewed under the new system—that is, a riate 
branch of the division will be assigned review of any 
new-concept pri . And, instead of having semi- 
annual deadlines of Aug. 31 and Feb. 28, the division 
will accept proposals at any time. 


U. S.-Soviet Exchange: Emelyanov Writes to McCone 
Russian nuclear chief Vasily Emelyanov replied in March 
to a p AEC list of exchanges (men and data) 
on pea atomic energy (NU, Dec. ’59, 24). How- 
ever, the lapse of time between the U. S. suggestions of 
AEC Chairman John McCone and Emelyanov's reply— 
several months—is expected to delay implementation of 
the exchange agreement. Because of the delay, several 
of the exchanges proposed by Chairman McCone are no 
longer valid and a new series of correspondence may be 
necessary. Moreover, Emelyanov again raised the ques- 
tion of joint construction of projects in the high-physics 
and controlled-fusion areas and the U. S. is not prepared 
to go this far at present. 

Meanwhile, the U. S. entertained a be ge delega- 
tion on atomic energy and the groundwork was laid for 
a possible bilateral agreement, with the International 
Atomic Energy Agency acting as middleman. Yugo- 
slavia is seeking U. S. aid in the way of at least one 
research-reactor grant. 


AEC Proposes Rules for Regulatory Control by States 
Proposed criteria under which AEC would transfer regu- 
lation of certain radioactive materials to capable state 
governments was sent to all governors last month. AEC 
went out of its way to emphasize that the criteria were 
only suggestions at this time and that counter-pro 
and discussion were welcome. However, it said that 
where the criteria as they stand are acceptable to state 
governments capable of assuming control over the 
activities involved (radioisotopes, uranium, thorium and 
cial nuclear material of less than a critical mass), 
r might be used as a basis for negotiation of transfer 
agreements. Three states appear to be well ahead of 
the others in ability and eagerness to assume these con- 
trols—New York, California and Texas. Some highlights 
of the proposed criteria: 

1. Objective of a state regulatory program should be 
to protect the populace against radiation hazards and 
“encourage the constructive uses of radiation.” 

2. The states should adopt safety standards and strive 
for inter-state uniformity (in this area, AEC is preparing 
a “model” state program of laws and rules for use by 
any state desiring it). 

3. AEC, in any transfer agreement, will transfer any 
one or all of the three major categories (isotopes, source 
materials and special nuclear materials) but no part of 
any category. 


Physicist D. J. Hughes of Brookhaven Dead at 45 


One of the architects of the nuclear age, Donald J. 
Hughes, died of a heart attack April 12, aged 45. A 
neturon physicist of international stature, Hughes’ 
greatest contribution was to develop measurement tech- 
niques for, and compile and correlate, neutron cross 
sections—basic to all reactor design and to most other 
applications of nuclear energy. He is perhaps best 
known as author of the “barn book,” the definitive col- 
lation of neutron cross sections. He was head of the 
neutron physics group at Brookhaven at his death. 








RADIATION NEWS 


RDI Sells First 2 Machines, Expands Capacity 

In a banner month for Radiation Dynamics, Inc., young- 
est manufacturer of radiation machines, the firm dis- 
closed the award of its first two machine orders. It will 
deliver to Grumman Engineering Corp., a high-current, 
Dynamag ion source for acceleration of hydrogen, 
helium, dueterium and heavier ions such as oxygen. 
The second machine—RDI's standard Dynamitron rated 
at 1 Mev, 10 milliamps—will go to the Cambridge Air 
Force Research Center, Mass. RDI also said it was 
doubling its manufacturing floor space and building a 
second machine vault to house a 3-Mev irradiator. 


Walter Reed Medical Center to Buy Two Irradiators 
A U. S. Army group working on the —— of 
radiation injury last month invited bids on a cobalt-60 
irradiator of several thousand curies. A spokesman for 
the group—at Walter Reed Medical Center, Washington, 
D. C.—said a second, tandem irradiator totalling 20,000 
curies of cobalt-60 would be acquired shortly after the 
first. The smaller source is needed for irradiation of 
mice and guinea pigs; specifications call for irradiation 
of an area 2 ft sq, 4 in. high at 125 r/min, with a varia- 
tion over the flat surface of 5% and from floor to ceiling 
of 12%. The tandem irradiator—10,000 curies in each 
source—will be used to irradiate dogs in a cubic-yard 
chamber, with 5% variation through the space. Esti- 
mated cost of the equipment: $250-300,000. Early in- 
stallation is scheduled for both irradiators. 


New Isotopes Div. of ANS Already the Largest 

The new Isot and Radiation div. of the American 
Nuclear Society, established last fall, has reached more 
than 350 members—largest of all ANS divisions. The 
division will sponsor its first papers at an all-day session 
during the June 12-15 meeting of ANS in Chicago. An 
ANS nominating committee proposed Paul Aeber- 
sold, director of AEC’s Isotope Development Office, 
for division chairman. 


Russians Announce Pilot Irradiation of Potatoes 

The Soviet Union’s Institute of Biochemistry, Moscow, 
said last month that it will irradiate 25,000 Ib of potatoes 
this year at a pilot facility in Moscow. The potatoes 
will be moved through a cobalt-60 gamma field on three 
passes. Potato irradiation has been shelved in this 
country but the Institute’s biochemical-immunity chief, 
a Prof. Rubin, said “the time has now arrived when the 
process has been declared safe and suitable for large- 
scale use.” The cobalt source may also be used, even- 
tually, for other vegetables and fruits, he said. 


U. K. Orders Linac for Radiography of 6-in. Steel 

A 4.3-Mev linear accelerator, for radiographic inspection 
of reactor pressure vessels at least 6-in. thick, has been 
ordered by the U. K. Atomic Energy Authority. U. K. 
officials said this was something of a breakthrough in 
the power-reactor field because conventional machine 
and nuclide radiation was inadequate for steel plate 
more than 4 in. thick. The machine was developed by 
Mullard Equipment Co. for advanced reactors; it will 
produce a high-definition radiograph of 6-in. steel in 
100 sec using industrial film and 60 sec using faster film. 


RAI to Supply Cobalt-60 Source to Brooklyn Poly 


Brooklyn’s Polytechnic Institute has given Radiation 
Applications, Inc., a design and construction contract for 
a 1,000-curie cobalt-60 irradiator for use in low tem- 


perature, solid-state research. The device will take a 
Dewar flask 3% in. dia in a cavity 12 in. high, with a 
flux of 100,000-200,000 r/hr over the flask. 


Tracerlab Reports Profitable Quarter, Big Backlog 
President S. S. Auchincloss of Tracerlab told the firm’s 
stockholders last month that the first quarter of this year 
was a profitable one for the firm, after a long period of 
losses. In March, he said, “we shipped more products 
and made a larger net profit than we have in any month 
since I have been president of the company....A 
yearly profit is a good probability.” He gave no profit 
figures but reported that backlog had reached a record 
level of $4-million. Earlier, the firm had reported a 
sales level for the last five months of $15-million (annual 
rate); sales for all of 1959 were $10,743,819. 


N. Y. Firm Fabricating Isotope Space Battery 


The prototype of an isotope-powered nuclear battery for 
use in outer space is age to be delivered to AEC 
by the end of this month. The battery, a one-third to 
two-thirds watt electrostatic converter, has been under 
development for almost a year by Radiation Research 
Corp., New York City, under a $100,000 contract with 
AEC’s Aircraft Reactors Branch. It is being fabricated 
by Radiation Research and Oak Ridge National Labora- 
tory personnel in an ORNL hot cell. Although the 
ac ge will deliver no more than a watt, its developers 
ave “a pretty good idea what a 100-watt battery would 
look like” and ultimate goal is a kilowatt or more. The 
prototype will use 2,000 curies of cerium-144, a beta 
emitter, to feed a converter capable of producing elec- 
tricity at 250 kilovolts. 


Sales Representatives Organize Association 

Ben Z. Rubin, owner of his own sales agency for the 
manufacturers of radiation instrumentation, said last 
month that a group of sales representatives have organ- 
ized a sales “rep” association. Rubin was elected presi- 
dent; George Landfear of his own firm in Nutley, N. J., 
was elected vice-president; and Charles Walsh, also of 
his own firm, was elected publicity director. Major aim 
of the group: “To increase the status and prestige of 
independent representatives in the nuclear business.” 


Bureau of Mines Has Big Irradiation Program 


The U. S. Bureau of Mines last month signed a formal 
agreement with AEC for the free supply of 100,000 
curies of cobalt-60 for its planned research irradiator 
(NU, Jan. ’60, 27). Subject to working out funding 
roblems on the irradiator itself, the Bureau expects to 

gin construction this year at one of its research cen- 
ters. Some highlights of the proposed research program: 

Metallurgy. Based on pdr. se work, the Bureau 
feels it may be able to use radiation for directly convert- 
ing cified ores to pure metals, possibly in conjunc- 
tion with a gas. 

Coal. Exploration of radiation for increasing free- 
radical activity in anthracite, rendering it better able to 
react with chemicals. Also work on producing high- 
value chemicals directly from coal and certain additives; 
and micronization of coal to give it better burning 
properties. 

Petroleum. Research on oil-field use of radiation, 
rather than at the finery stage. Would radiation be 
feasible for the destruction of , Bat in water used to 
restore pressure to “depleted” wells? (Bacteria acts on 
iron and sulfates in the water to clog valves, etc.) 
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GM or Scintillation Reversible Card 





Now From RCL 


100 KC or 1 MC Decade Scaler 
Selector Card 


Pos. or Neg. Polarity Selector Card 








Preset Count Integer Selector 





Direct Reading Heliodial on 500-3000V 
Transistorized Power Supply 


Preset Time Selector 








TRANSISTORIZED BUILDING-BLOCK NUCLEAR INSTRUMENTS 
Linear Amplifier... Scaler... Timer... High Voltage Power Supply 


ALL IN ONE COMPACT CABINET 


FIRST IN A SERIES* 

These four instruments are the first in a line of transistorized 
building-block nuclear instruments from RCL. Each instrument 
features transistorized reliability; modular construction; built- 
in electronic gating circuits; and plug-in etched circuit boards. 
Individual modules may be interchanged or combined to pro- 
vide many basic functions and combinations. In addition, 
etched circuit boards may be substituted within individual 
modules to produce extreme flexibility and versatility of 
application. 


The modules and etched circuit boards pictured above can be 
combined to form an extremely sophisticated scaler or, if 
desired, more modest (and less costly) but highly useful ones. 
All scalers feature an in-line Nixie count display, in-line time 
register display and direct reading dials for continuously variable 
preset count functions. 


MODULES ARE AVAILABLE INDIVIDUALLY 
OR IN COMBINATIONS 

Linear Amplifier can withstand input pulses up to 100 times 
greater than those required for full output, with fast recovery 
and without double-pulsing. Full scale output is 25 volts. A 
stabilized gain of 1000 with a 100 ohm input attenuator provides 
input factors of 1, '%, %, Ye, and Ys. A potentiometer affords 
fine gain variation between these fixed factors. 


Positive or Negative High Voltage Power Supply is 
continuously variable in a single range from 500 to 3000 voits. 


it is controlled by a three-turn Helipot which is accurate to 
* 0.5 per cent with an adjustment precision of « 2 volts. For a 
* 10 per cent line voltage change, high voltage output varies less 
than 0.02 per cent, and a change from no-load to full-load pro- 
duces less than 0.1 per cent variation. Output is read in kilo- 
volts on the Helipot and also is indicated on a panel meter. 
The Power Supply may be used with scintillation, proportional 
and Geiger-Mueller detectors. 


Scaler and Timer operate as a unit in this instrument. The 
Scaler is available with either one MC or 100 KC input. A re- 
versible printed circuit board can accept amplifier output or 
direct GM input. Up to 99,999,999 counts can be displayed on a 
horizontal line of Nixies. The Scaler has five switch-selected 
modes of operation: Preset Count (Any count from 100 to 
99,999,900 in steps of 100); Preset Time (Any time from 0.01 
minute to 999.99 minutes); Manual; Count Only (Timer is 
inoperative.); and Test (line frequency). 


SEND FOR ADDITIONAL INFORMATION 
AND RCL COUNTER 
For complete information on this new line of transistorized 
building-block nuclear instruments, and a copy of the current 
issue of our publication, THE RCL COUNTER, which helps 
you keep abreast of new developments in the nuclear instru- 
ment field, please send your name and address on organization 
letterhead to RCL, Dept. 140. 
* Available Soon: Transistorized Rate Meters and 
Transistorized Single Channel Analyzers 


A RADIATION COUNTER LABORATORIES, INC. 


5121 West Grove « 
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TubeXperience in Action 


Superior now offers 5 different analyses of 
stainless tubing for fuel element cladding 


Before selecting tubing for fuel element clad- 
ding in nuclear reactors, consider the stainless 
types now offered by Superior. Important 
characteristics are listed in the table, but there 
are other important advantages, too. Closer 
tolerances can be maintained than with such 
materials as zirconium or columbium and 
their alloys. Better surface finishes are avail- 
able. And higher reliability in chemical com- 
position, availability and fabrication into the 
basic mill forms needed for producing 
small-diameter tubing is possible. 


Superior Specification STC-102 outlines the 
quality and technical requirements of Nuclear 
Quality Fuel Element Tubing in these austenitic 
stainless steels. Write for your copy today. 
Superior Tube Company, 2027 Germantown 
Ave., Norristown, Pa. 


Swern 
GCE name in small tubing 

NORRISTOWN, PA. 
All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 24 in. OD 


West Coast: Pacific Tube Company, Los Angeles, California e FIRST STEEL TUBE MILL IN THE WEST 





TYPE 


REMARKS 





348 


. Good strength at elevated temperature 
. Low neutron absorption characteristics 

3. Stabilized against injurious carbide precipitation 
. Most widely used analysis for this purpose 





304 


1. Most economical of all alloys listed 
. Strength at elevated temperature good, but not as strong as 316, 347 


and 348 


3. Good for all-around applications 
. Excellent ductility and fabricability 





304L 


. Excellent welding characteristics 
. Best ductility, fabricability 
3. Less expensive than 316, 347 and 348 
. Lowest strength at elevated temperature of alloys listed 





316 


. Best strength at elevated temperature 

. Excellent corrosion resistance in reactor coolants 
3. Good fabricability 

. Creep strength best of 300 Series 





347 





. Good strength at elevated temperature 

. Neutron absorption characteristics generally higher than those of 348 
3. Stabilized against injurious carbide precipitation 

. Less expensive than Type 348 





Jude 
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OW A RAST 
NEUTRON SURVEY METER 
with a Tissue Equivalent 


At the Industria! Reactor Laboratories in Plainsboro, New Jersey, 
fast neutron radiation survey for health hazard evaluation was an 
involved procedure. It was until a NUCOR E-1C was put on the job. 


Now the survey is a simple phase of the day’s work. A Technician 
carrying the light, battery operated instrument routinely measures 
the true dose rate for fast neutrons over the range of 0.2 to 14 MEV. 


Efficient gamma discriminations enables direct measurement of 
neutron dose rate and removes the need for comparing 
the output of two chambers. 


in tests recently made with a Van de Graaf generator, the E-1C, 
utilizing an improved proton recoil detector, conclusively demon- 
strated its adherence to the first collision tissue dose curve. 


Nove! circuit design, including extensive transistorization, 
has resulted in a degree of stability and reliability unequaled 
in instrumentation of this type. 


When health hazard survey for fast neutrons 
is necessary the NUCOR E-1C is 
the instrument of choice. 


Ca 
oa cares, 
ante 


AUTHORIZED 




















eS . 
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The Government’s new SPERT III nuclear plant 
at the National Reactor Station near Idaho 
Falls, Idaho, operating since December, 1958 
to study nuclear reactor safety, uses U.S. Pipe’s 
centrifugally cast stainless steel pipe for its 
coolant system. 

SPERT III is classified as a high pressure, 
high temperature, light water moderated and 
cooled reactor. Its versatility permits transient 
tests under various initial conditions of pressure, 
temperature, and coolant flow. For example, 
pressures ranging from atmospheric to 2,500 


psi and water temperatures from 68° to 668° F. 


Another new nuclear power plant, engineered 
and constructed by Stone & Webster for Yankee 
Atomic Electric Company, is using centrifugally 
cast stainless steel heat exchanger shells made 
by U.S. Pipe and fabricated by the Southwestern 
Engineering Company in Los Angeles, Calif. 


Stainless steel, centrifugally cast, made to 
rigid specifications, may be the answer to your 
piping or heat exchanger problem. For more 
information, write or call: 





centrifugally cast stainless 





UNITED STATES PIPE & FOUNDRY CO. 


SiGe wd jibea Liviwin 


BURLINGTON, NEW JERSEY 
SALES OFFICES: BURLINGTON, BOSTON, BIRMINGHAM, CHICAGO, CLEVELAND, DALLAS, LOS ANGELES, NEW YORK, PITTSBURGH, SAN FRANCISCO 





RCA Victor, Canada, Introduces a 


NEW-TYPE 
ENCAPSULATED 
SILICON JUNCTION 


Alpha Detector 


TYPE A B Cc D F 











\ 


‘ 





Detecting 


with optimum geometry, ——- 


Operating 


high resolution, a 


for 5Mev | <1% 
o—Particles 


large area detection ee, 


A product of the Research Laboratories of 

RCA Victor in Montreal, this silicon junction alpha 
detector marks a major advance in radiation 
detection. It is a small, rugged “solid state ionization 
chamber” capable of detecting individual alpha 
particles of energy 0.5 Mev or more. 


5mm? 2 | 20mm") 20mm") 2cm? 























It can be used as a proportional counter over a 
range of approximately 1.5 to 10 Mev with 
excellent linearity and a resolution of better than 

% at 5 Mev. Also useful for protons, deuterons 
and heavy ions. 


Fig. 1 shows provisional specifications for several 2 Resolution Curve 

types. Units with larger voltage, higher ef GATT 
resolution, larger or smaller area, faster response time s 
and so on can be made to special requirements. PULSE HEIGHT 





Existing units available in sample quantities. 4 mapas Paanice Gainer 
Inquiries are invited with regard to performance 

data and the development of specific 

applications. Write: Director of Research, 

Research Laboratories, RCA Victor Company, Ltd., 

Montreal 30, Canada. 


ALPHA DETECTOR 
TYPE A 
Bias 34 Volts 


PULSE HEIGHT — ARBITRARY UNITS 


THE MOST TRUSTED NAME IN ELECTRONICS 


@ RCA VICTOR COMPANY, LID.@ a 


3 Pulse Height ‘ 











‘83 
ENERGY - Mev 


(aati 


i ‘ 
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many new developments 
INCREASE PERFORMANCE, RUGGEDNESS, RELIABILITY 


CRL manipulators... 
as obedient as your hand 


Central Research Laboratories brings you important refinements in 
lateral rotation, azimuth assembly, wrist joint, tong, handle, roller 
mounts, load hook, and booting. Each is the result of CRL’s continu- 
ing program to give you the finest in master-slave manipulators . . . 
manipulators which duplicate the natural motions of the operators’ 
hand. Many of these improved features can be added to manipulators 
already in service. This program of improvement without obsoles- 
cence plus CRL’s policy of immediate shipment on spare parts 
insures continued customer satisfaction. 


Improved roller mount Improved wrist joint, Improved handle: More Improved booting and Improved azimuth as- 
More rugged, more tong, and tong jig: rugged, more satisfac- load hook: Partial or sembly: Eliminates ex- 
serviceable, less wear Greater protection of tory control of separa- complete booti pos- rollers, provides 
on through tube gears, more rugged, tion indexing and sible, load hook fits on greater “Z”’ tion or 
easier interchange. squeeze motion lock. booted or unbooted shorter collapsed length. 

arm. 





for over-wali installation 
CRL MODEL 4 


for thru-wall installation . i 
CRL MODEL 8 General purpose — for 
installation over a barrier 
wall or through ceiling 
opening of protective 
enclosure. 


Thru-wall installation 
for intermediate to 
high-level shielding. 
Separation indexing 
and lateral rotation 
keeps operator close 
to window with full 
visibility over large ahs ; 7 for restricted-space 
area. Easy to relocate ye = a installation 


—one man with a 
light crane can remove 
and relocate in less 
than five minutes. 


CRL MODEL 7 


Space saving, light weight 
— for use in “‘junior 


caves’’ or over thin walls 
where minimum clear- 
ance and easy portability 
are important factors. 


Central Research Manipulators from basic 
Argonne National Laboratory designs 
write today for complete information to: 


laboratories, inc. 
Red Wing, Minnesota, Dept. 102 
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Publisher's 

Price, $8.00 

Club Price, 
$6.80 





Transistor Circuits and ica- 

tions by J. M. De- 

tailed information to aid in 
it design. 


Publisher's 

Price, $9.00 

Club Price, 
$7.65 


a aha tee 


Medee re, for the Engineer 
Ridenour. Physical 
which modern 


by L. 


science ee 


engineering is based. 


Publisher's 

Price, $7.00 

Club Price, 
be. ah 4 95 
Mathematics for Electronics with 
Applications by H. M. Nodel- 
man and F. W. Smith. For 
solving practical problems. 


a ny 


Publisher's 
Price, $12.00 
Club Price, 
$10.25 


Publisher's 

Price, $7.00 

Club Price, Club Price, 
$8.10 t tie $5.95 


rational Mathematics by R. 

. Churchill. — and ap- 

plications of place and 
other - eta 


Club Price, 
| ae $10.65 
Pulse and Digital Circuits by J. 
Millman and H. Taub. Ex- 
plains circuits for effective 
system design. 


Electronic Measurements by F. 

Terman and J. M. Pettit. 
Techniques for use in many 
electronic fields. 


Semple -data Control Systems 


. R. Ragazzini and G. F. 
Franklin. Covers both analysis 
and design 


Sy) 
‘ pee 2) 


To new members of the 
ELECTRONICS AND CONTROL 
ENGINEERS’ BOOK CLUB 


AA 


Values from 
$7.00 to $12.50 


Special Introductory Offer 


ANY ONE 


YOURS WITH A CHARTER MEMBERSHIP 
AND SENT WITH YOUR FIRST SELECTION 


times a year). This gives complete advance 
notice of the next main selection, as well as a 
number of alternate selections. If you want the 


Select one AS A GIFT! Choose from Electronic 
Measurements, Operational Mathematics, Pulse 


and Digital Circuits, and six other valuable 
books . . . your introduction to membership in 
the Electronics and Control Engineers’ Book 
Club. 


If you’re missing out on important technical 
literature—if today’s high cost of reading curbs 
the growth of your library—here’s the solution 
to your problem. The Electronics and Control 
Engineers’ Book Club was organized for you, 
to provide an economical technical reading pro- 
gram that cannot fail to be of value to you. 

All books are chosen by qualified editors and 
consultants. Their thoroughgoing understanding 
of the standards and values of the literature in 
your field guarantees the authoritativeness of 
the selections. 

How the Club operates. Every second month 
you receive free of charge The Electronics and 
Control Engineers’ Book Bulletin (issued six 


main selection you do nothing; the book will 
be mailed to you. If you want an alternate 
selection . . . or if you want no book at all for 
that two-month period... notify the Club 
by returning the form and postage-paid envelope 
enclosed with your Bulletin. 

We ask you to agree only to the purchase of 
three books in a year. Certainly out of the large 
number of books in your field offered in any 
twelve months there will be at least three you 
would buy anyway. By joining the Club you 
save yourself the bother of searching and shop- 
ping and save in cost about 15 per cent from 
publishers’ prices. 

Send no money now. Just check any two books 
you want—one FREE and one as your first 
Club selection—in the coupon below. Take 
advantage of this offer now, and get two books 
for less than the regular price of one. 


THIS COUPON IS WORTH UP TO 


Book Club send the higher 


The Electronics and Control Engineers’ 
330 West 42nd Street, New York 36, N. Y., Dept. NU-5 


me as a member of the Electronics and 
Club. 1 am to receive my 


Check 2 books: We will 


moe anes priced book as your FREE book: 
Control Enginecrs’ Book 
book along with my first selection, both checked at the 
right. You will bill me for my first selection only at the 
special club price, plus a few additional cents for postage 
and handling. (The Club assumes this charge on prepaid 
orders.) Forthcoming selections will be described to me 
in advance and I may decline any book. I need take only 


’ 
! 

1 

I 

; $6.80 
| 

| 

] 3 selections or alternates in 12 months of membership. 

| 

I 

| 

! 

| 

! 

| 

! 

! 

! 

u 


0) Transistor Circuits and Applications, 
$10.65 


$8.10 


0 Pulse and Digital Circuits, 
] Sampled-data Control Systems, 
$5.95 


$10.25 


Operational Mathematics, 


(This offer good in U. S. only.) 
PLEASE PRINT Electronic Measurements, 
N. 


} Modern Physics for the Engineer, $7.65 


Mathematics for Electronics with Applica- 


tions, $5.95 
) Electronic Analog Computers, $6.40 


(1) Handbook of 
Circuits, $7.45 


completely satisfied, 
return your first 
membership will be 


NO RISK GUARANTEE: If not 


r you may 
shipment within 10 days and your 
cancelled. 


Industrial Electronic Control 
N 





In your health and safety program... 


THROUGH BIO-ASSAY 


Economical, precise, rapid analyses, to detect 
radiation exposure of personnel... are per- 
formed in an area specifically designed for 
low level assays... by the NucLeaR Assay 
Division of Biochemical Procedures. 


OBJECTIVE INDEPENDENT SURVEYS 
PERFORMED BY AN 
ESTABLISHED LABORATORY 


Biochemical Procedures has been performing 
specialized assays for many years for medi- 
cal institutions, hospitals, and laboratories 


throughout North America. Cognizant of 
the need for routine programs for checking 
accidental ingestion or inhalation of radio- 
active materials by employees, it now brings 
its scientific knowledge to the Nuclear 
industry. 


WIDE RANGE OF MEDIA ANALYZED 


Materials of almost any origin may be ana- 
lyzed by the Nuclear Assay Division: filter 
media, soil samples, water, urine, feces, spu- 
tum, breath, nose wipes, blood, swipes from 
suspected contaminated areas, etc. 


FORWARDED BY MAIL. REPORTS ARE PHONED OR AIRMAILED. 
Write for full information and fees. 


“The Laboratory A Laboratories” 


IOCHEMICAL PROCEDURES 


NUCLEAR ASSAY DIVISION 


12020 CHANDLER BOULEVARD 
NORTH HOLLYWOOD, CALIFORNIA, U.S.A. 
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$00 tested circuit. 


Marquardt Advanced Nuclear Systems for Air and Space 


WAN (@] 6 74ND iE 
EXPANDS WORK ON 


~ {g®) 


\\ 














Broadened team effort with University of California’s Lawrence Radiation Laboratory aims 
toward early feasibility demonstration of a nuclear ramjet reactor (Project PLUTO). 


A supersonic, low-altitude missile capable of weaving, 
feinting and dodging unobserved by conventional radar 
while seeking out selected targets—this is to be the 
mission of the Air Force’s proposed nuclear ramjet- 
powered vehicle of virtually infinite range. 

As an integral part of the team which is contributing 
to this country’s all-out race for supremacy in weapons, 
Marquardt is working with the University of Califor- 
nia’s Lawrence Radiation Laboratory on the nuclear 
ramjet program, known as Project PLUTO. 

Marquardt’s basic PLUTO effort concerns prelim- 
inary design of the nuclear ramjet and development 
of airborne reactor controls and other components 
for severe temperature and radiation environments. 
The multi-million dollar program supports a multi- 
phase corporate effort headed by the Nuclear Systems 
Division. 

Other aspects of Marquardt’s PLUTO effort include: 
support of LRL’s feasibility tests on the non-flyable 
Tory IIA reactor; design and fabrication of significant 


portions of the reactor’s control system, air ducts, flow 
instrumentation and remotely operated disconnects; 
fabrication and test of reactor core structural compo- 
nents; architect-engineering on the test air supply 
system; participation in a supporting program of 
environmental tests; and preliminary design of test 
facilities for full-scale power-plant development. 

Highlights of the Corporation’s other current nuclear 
programs include: exploration of both military and non- 
military applications for transportable reactors of 
advanced design, including their use for space power; 
development of the engine control system for the G-E 
nuclear turbojet; research studies of advanced space 
propulsion devices utilizing nuclear concepts; materials 
and processes work with molybdenum, other refractory 
metals and ceramics; and development of original 
nuclear instrumentation. 

For a copy of Marquardt’s new “Nuclear Systems” brochure, write 
to Mr. Aikman Armstrong, Chief Applications Engineer-Nuclear Systems, 
The Marquardt Corporation, Van Nuys, California. 








“ee POS emer 


THE NUCLEAR RAMJET 


DIFFUSER 


of The Marquardt Cor- 
a continuing search for 


Nuclear Systems 


poration is engaged in 
ists capable of contributing 
in nucle state-of-the-art. Current expan- 
hin this division creates challenging oppor- 


engineers 
advances 
sion within 
itl I ACTOR PHYSICISTS * CERAMICISTS °* 
NUCLEAR ENGINEERS * METALLURGISTS. 
Qualified men are invited to contact: Mr. Floyd 
Hargiss, Manager, Professional Personnel, The Mar- 


quardt Corporation, 16555 Saticoy St., Van Nuys, Calif. 





HARSHAW 
MANUFACTURES 
A COMPLETE 
LINE OF 
SCINTILLATION 
AND OPTICAL 
CRYSTALS 


@ The accepted standard of 


SCINTILLATION Mounted Nal(T1) Crystals 


Crystal detectors designed for the More detailed information is 
most sophisticated counting problems. contained in our 32-page book, 
Our physics and engineering group “Harshaw Scintillation 
are available to assist you in your Phosphors’’. We invite you to 


special detector problems. 


STANDARD INTEGRAL LINE 

LINE (Crystal photo multi- 
(Hermetically Sealed plier tube combination 
Crystal Assemblies) assembly) 

®@ Improved resolution 

the industry ® Ready to use plug-in unit 
Proven through years of ®@ Permanently light sealed 
service in research, me- © 
dical and industrial ap- 
plications 


Capsule design facilitates 
decontamination 


® Close dimensional toler- 
unparalleled performance ances 


dependability Harshaw guaranteed 
consistent good quality 


write for your free copy! 


Large Crystal 


MATCHED 
WINDOW LINE 


(Designed primarily 
for crystals 2” dia. 
and larger 


“Small crystal” perform- 
ance achieved through 
improved optical design 
Low mass containers 
Available in standard 
aluminum or complete low 
background assemblies 
Convenient mounting 


flange 
Ready to use 








Every Harshaw crystal is a product of our experience 
in crystal growing technology since 1936 


Other Phosphors Available from The Harshaw Chemical Company 


ROUGH CUT THALLIUM ACTIVATED SODIUM IODIDE CRYSTAL 
BLANKS © EUROPIUM ACTIVATED-LITHIUM IODIDE (NORMAL) © 
EUROPIUM ACTIVATED LITHIUM IODIDE (96% Li* ENRICHED) © 
THALLIUM ACTIVATED CESIUM IODIDE © THALLIUM ACTIVATED 
POTASSIUM IODIDE ¢ ANTHRACENE © PLASTIC PHOSPHORS 


bi ee 


OPTICAL Crystals 


For Infrared and Ultra Violet Transmitting Optics 

“HARSHAW QUALITY” INHERENT IN EACH HARSHAW- 

GROWN CRYSTAL GUARANTEES THE MOST EFFICIENT 

OPTICAL TRANSMISSION POSSIBLE THROUGH: 

1) Negligible light scattering in crystals, permit- 
ting higher sensitivity and improved resolution 


2) Freedom from absorptions caused by trace 
impurities in crystal optics 
3) Minimum strain 


“HARSHAW QUALITY” meets the de- 
mand for uniformity of optical properties 
such as dispersion and refractive index. 
Prices, specifications, or other information 
will be sent in answer to your inquiry. 


The following infrared and ultra violet transmitting 
crystals are available; others are in the process of 
development: 


SODIUM CHLORIDE * SODIUM CHLORIDE MONOCHRO- 
MATOR PLATES © POTASSIUM BROMIDE * POTASSIUM 
BROMIDE PELLET POWDER (through 200 on 325 mesh) ® 
POTASSIUM CHLORIDE © OPTICAL SILVER CHLORIDE ¢ 
THALLIUM BROMIDE IODIDE ¢ LITHIUM FLUORIDE © 
LITHIUM FLUORIDE MONOCHROMATOR PLATES * CAL- 
CIUM FLUORIDE © BARIUM FLUORIDE * CESIUM BROMIDE 
*® CESIUM IODIDE 


Additional information on the physical and optical 
properties of the above crystals is available in our 
36-page booklet “Synthetic Optical Crystals”. Send 
for your free copy. 


fet THE HARSHAW CHEMICAL CO. 


Crystal Division © Cleveland 6, Ohio 
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STROMBERG -CARLSON 


GENERAL DYNAMICS 


1496 N. GOOOMAN STREET « ROCHESTER 3,NEW YORK 
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A TALENT 
FOR MODULAR 
NUCLEAR 
CONTROL 
SYSTEMS 


1. SOLID STATE DESIGN 


Fail-safe operation; resistance to shock and 
vibration—microphonics eliminated; short re- 
sponse time; reduced power requirement; re- 
duced size, high stability; drift characteristics 
for 1,000 hours at constant temperatures: Log 
count rate: Ye decade or + 2% of full scale meter 
current; Period: + 2% of full scale meter cur- 
rent; Log N: ¥ decade or less than + 2% of full 
scale meter current; Power Range: + 1% of full 
scale meter current. 


2. MODULAR CONSTRUCTION 
Plug-in, interchangeable modules; self-test and 
fault location circuitry; simplified design for 
maximum reliability. 


3. EASE OF MAINTENANCE 


AND SERVICE Technicians are readily 
trained to correct faults. Trouble is pinpointed 
in seconds, and plug-in, interchangeable mod- 
ules can then be replaced within minutes. 


CURRENT PROJECTS include 
pressurized water, fast breeder and gas-cooled 
reactors—for marine power, portable power, 
central power, and research applications. 


Brochure with data sheets and 
photographs on request. 


Engineers and scientists with 
experience in reactor controls 
interested in joining this ex- 
panding program may contact— 
Manager of Technical Person- 
nel. 





ACCURATE TIMING for 22> types o 
NUCLEAR SCALERS,.. SAFETY ENCLOSURES 


for handling hazardous substances 


VACUUM 
DRY BOX 


for work in con- 
trolled atmosphere 
¢ sloping front « 
round autoclave- 
type air lock. 


Safety is the first consideration in this newly-designed 
stainless steel laboratory equipment. These enclosures 


the New MODEL 111 DUAL PURPOSE ; make it safer—and easier—for the technician to work 


with contaminants, micro-organisms, live viruses, in- 

SYNCHRO-MOTOR TIMER fected animals, poisonous and radioactive substances. 
Stainless steel constructed with crevice-free surfaces, 

generously rounded corners, for easy cleaning and de- 
contamination. Write for illustrated folder describing 
22 different kinds of enclosures. S. BLICKMAN, INC., 
7905 GREGORY AVENUE, WEEHAWKEN, N. J. 


Times to either set interval (.01 to 90 minutes) or set 

count (.01 to 100 minutes). Accuracy is plus or minus 

0.001 minute. 

Easily and accurately set and read—minutes and 

decimals. 

Start, stop and reset electrically controlled. Auto- -. at 

matic reset. a ea UNITIZED 

Elapsed time continuously indicated. ” Socmeegers-spemaene <5: = ENCLOSURES 

. 3 ' Low in cost « 

Stainless steel 
« Modular 
construction 
adapts to many 
uses. 


CALIFORNIA-TYPE 
FUME HOOD 


For handling radioac- 
tive materials + dual- 
sided for double oper- 


the Popular MODEL 2-D a 
SYNCHRO-MOTOR TIMER 


Times and integrates to pre-set time 1 second to 60 

minutes. Accuracy is plus or minus 0.1 second. - 

Easily and accurately set and read—continuously ar i 

indicates elapsed time. sa is = § 

T lly—off electrically. Manually reset — — , Back or top mount- 
urns on manually —off electrically. Manually reset. ' * ing of biological fil- 


ter canister ¢ air 


i 4 Jil LIEBEL-FLARSHEIM COMPANY BLICKMAN SAFETY ENCLOSURES 


DIVISION OF RITTER COMPANY INC. 
CINCINNATI 15, OHIO | Look for this symbol of quality oon 
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TOTAL FIELD SCANNED AT 
2X POWER 195° SOLID 


ANGLE (EDGE TO ~—_ 


LINE OF SIGHT 
ALWAYS PARALLEL 
TO EYPIECE BARREL 


OPTIONAL SEALING DOME 
PROVIDES GAS TIGHT SEAL 
ON HOT SIDE OF CELL WALL 


Kollmorgen instruments are bridges 
between the eye and the invisible 


Danger of radioactive contamination prevents a 
contiguous close look at many vital operations and 
processes. Kollmorgen remote viewing equipment 
lets you see with complete safety and maximum 
freedom of observation. 

Kollmorgen designs and manufactures more 
remote viewing and inspection equipment for use 
in “hot” labs and reactors than any other company. 
Wall periscopes, underwater periscopes, micro- 
photo periscopes, continuous strip fuel-inspection 


BINOCULAR EYEPIECES WITH 
INTEROCULAR ADJUSTMENT 
AND INDIVIDUAL FOCUS 


MAGNIFICATION 
1% AND 6X 
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cameras and similar equipment by Kollmorgen 
have been installed in almost every major nuclear 
installation on the North American continent. 

Kollmorgen is foremost in the design, develop- 
ment and manufacture of mechanically and elec: 
tronically controlled optical instruments and 
systems for industrial and defense applications. 

Write on your company letterhead for a copy 
of our new twenty-four page facilities brochure. 
Your copy will reach you by return mail. 


OLLMORGEN 


optical corporation 
NORTHAMPTON, MA’ 


NUCLEAR REMOTE VIEWING EQUIPMENT @© SUBMARINE 
PERISCOPES @ OPTICS @® BORESCOPES @ MOTION 
PICTURE AND TELEVISION LENSES @ PRECISION OPTICAL 
INSPECTION AND ALIGNMENT DEVICES @ ELECTRONIC 
CONTROLS AND COMPONENTS @ NAVIGATIONAL AIDS 


WESTERN TECHNICAL REPRESENTATIVES— 
COSTELLO & COMPANY, LOS ANGELES, CALIFORNIA, 











Vallecitos Boiling Water 1 
Reactor Pressure Vessel 

(VBWR)—designed, engineered, 

and fabricated by Paceco 

from basic overall size and 

other specifications supplied 

by General Electric. 







Paceco-built pressure vessel 
for the Atomic Energy 
Commission's Heavy Water 
Components Test Reactor (HWCTR), 
to be operated at the Commission's 
Savannah River Plant by 
the Du Pont Company, 
prime contractor. 


Now building: (OMR) 

Piqua Reactor Vessel 
for Atomics International, 
prime contractor. 


3 Paceco-built stainless 
steel pressure vessel, 
heart of the (WTR) 
Westinghouse test reactor, 
Waltz Mill, Pennsylvania. 








Paceco-built and designed 
aluminum shell , 
General Test Reactor (GETR), , 
Vallecitos Atomic Laboratory. / 
4 
/ 
’  Paceco-built and 
designed pressure 
vessel for the Rural 
Cooperative Power 
Association Boiling Water 
Reactor, Elk River, 
Minnesota — Allis-Chalmers, 
prime contractor. 


PACECO design skills and fabricating 
experience assure you better custoem- 
built nuclear products. 


PACECO has designed and built equipment for almost every 
project of the AEC during the past 10 years as well as 


privately financed plants. In addition to pressure vessels, ).Xe ide) 
PACECO products include linear accelerators, leaded \ (0) es 


containers, towers, cranes, and many other items for the OY, 
nuclear industry. (O)| *tAnors oF steEt”, 


Take advantage of PACECO’s experience and skills in the 
nuclear field. Contact your nearest representative. 


FREE ON REQUEST: BROCHURE 5-N, 
“CUSTOM BUILT EQUIPMENT FOR NUCLEAR PROJECTS” 
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To keep the lonely vigil... Martin PM-1 air-portable nuclear 
reactor, to supply electricity and heat at remote Air Force stations, 


is now being developed and produced for the AEC. 








Education... 


Our Greatest | 
Tool” 


OSCAR G. MAYER 


| 
| 
| 
“Higher 
| 
| 
| 


Chairman, Oscar Mayer & Co. 





“During the last twenty years we have had dramatic evidence of what massive 
research can accomplish. Every thinking American today is acutely aware 
that our future welfare depends upon this vital activity. 

“But sound higher education is the prerequisite of good research; it is vitally 
important that our higher education be constantly improved, beginning with 
our secondary schools. Higher education is the only means with which we can 

; mine our most valuable natural resource: the creativity of the human mind in 

all fields, social and cultural as well as scientific. 

“By supporting the college of your choice in its efforts to provide the best 
possible faculty and physical facilities, you are investing in the one tool with 


which to shape favorably the future of America.”’ 


If you want more information on the problems faced by higher education, write to: 


Council for Financial Aid to Education, Inc., 6 E. 45th Street, New York 17, N. Y. 








i gune S, 
’ ° ‘ ‘ , , ~/\- HIGHE 
Sponsored as a public serrice, in cooperation with the | =()= ee , % 
Council for Financial Aid to Education ° 4 
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KEEP IT BRIGHT 
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\_— INSULATOR 


INCANDESCENT URANIUM 
FUEL ELEMENT 


PLASMA 


| circucatinc OL COOLANT 


VACUUM INSULATION 


+ CESIUM POOL 





Experimental “plasma thermocouple,” developed by 


Los Alamos Scientific Laboratory, converts heat from 


nuclear fission directly into electric power. 


> For complete technical data on Alite 
ond Alite Ceramic-to-Metal Seals, 
write for Bulletins A-7R and A-40. 


ALITE 


wow 4447" * 


ae a ae lL lO 


“‘slasma thermocouple” 
for DIRECT CONVERSION 


relies on ruggedness of 


Aly] F INSULATORS 


Recent successful demonstration of the 

Los Alamos “plasma thermocouple,” which turns 
nuclear reactor heat directly into electric current, 
marks a major step toward the goal of utilizing 
nuclear energy for outer-space propulsion. 

The Alite insulator assembly above helps 

make it possible. 


Alite—the special high-alumina ceramic 
developed by U. S. Stoneware—has many useful 
nuclear properties. In this application, an 
essential requirement was met by Alite’s ability 
to maintain high electrical insulating strength 
in the presence of radioactive energy and elevated 
temperatures. Also extremely important here: 
Alite’s vacuum-tightness, its resistance to 
cesium vapor, and the fact that Alite can be 
metalized, brazed to metal parts and readily 
welded into final assemblies. 


Strong, hard, corrosion and abrasion resistant 
Alite may be the material you need to meet 
difficult nuclear design specifications. Write 
us about your requirements. Our ceramics 
specialists will provide all possible assistance. 
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KANIGEN 


The proved nickel alloy chemical plating—available only 


from General American and its licensees 


KANIGEN is a chemically and metallurgically unique process for applying a hard, corrosion 
and abrasion resistant surface to most metals. KANIGEN is being used successfully for 
coating almost everything of any size—from the inside of a tank car to a tiny surgical 


needle—providing extreme uniformity of coating thickness even on complex shapes. Rack, 


jig or barrel plating may be used with KANIGEN. 


Since KANIGEN is a nickel alloy, it has many 
qualities which make it desirable for nuclear 
applications. Valves, pumps, pressure ves- 
sels, tube bundles and headers are typical 
of the pieces that have been successfully 
plated with KANIGEN. 


KANIGEN is available from General American 
at East Chicago, Indiana; Sharon, Pennsy]- 
vania, and Compton, California, and from 
licensees in many cities. For further infor- 
mation, call or write. 


KANIGEN is a trademark which identifies chemical nickel coating 
by General American Transportation Corporation and its licen- 
sees, the product resulting therefrom and compositions produced 


by them for use in chemical nickel coating. 


Kanigen Division 


GENERAL AMERICAN TRANSPORTATION 


135 South LaSalle Street * Chicago 3, Illinois 








PHYSICAL PROPERTIES 


gg eee. ae 7.9 
NE TGs 5 is cies ao pe dee i 1635 °F 
Electrical resistivity 
approximately 60 micro-ohms/cm/cm? 
Coefficient of expansion 
13 x 10° cm/cm per °C or 
7.22 x 10° in/in per °F 
Thermal conductivity 
approximately 0.0105 to 
0.0135 cal/em sec °C (calculated) 
Hardness 
as plated—49 Rockwell C 
heat treatable to 70 Rockwell C 





World’s largest production facilities for 
chemical nickel alloy plating on 

Iron 

Copper 

Aluminum 

Titanium 

Beryllium 

and their alloys 

Pilot plant facilities are available for nickel 
alloy chemical plating on magnesium, uranium 
and non-metallics including thermosetting 
plastics, glass, ceramics. 











CORPORATION 


KANIGEN 
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Honeywell Nuclear Reactor Simulator 
ee unmatched for realistic training! 





operation with U-235, U-233, and plutonium fuels. 


NUCLEAR REACTOR SIMULATOR responds like a low-power, research type 
reactor, and covers a range of 0-150 percent of reactor design power. It in- 
cludes simulation of poison effects and negative temperature coefficients. 
Interchangeable plug-in units make possible the realistic reproduction of reactor 



















Nothing short of experience with an actual reactor pro- 
vides the practical training students get with the realistic 
Honeywell Nuclear Reactor Simulator. This Simu- 
lator accurately reproduces important reactor functions 
electronically instead of by nuclear reactions. Its full- 
size amplifiers, recorders, and control instruments are 
identical with those used in many existing reactors. 


This highly flexible Simulator is the safe, simple, and 
economical way to teach reactor characteristics, oper- 


PIGMEERING THE FUTURE 
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THERMAL PLANT SIMU- 
LATOR can be teamed with 
the Reactor Simulator for real- 
istic nuclear power plant train- 
ing. It has plug-in connectors 
for typical power plant pro- 
grams ... patchboord panel 
for non-standard programs. 
















ating procedures, instrumentation, and interpretation 
of chart records. Use it with the Honeywell Thermal 
Plant Simulator for valuable training in nuclear power 
plant engineering. 


Your nearby Honeywell field engineer can give you 
complete details. Call him today .. . he’s as near as 
your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


Honeywell 


5! 














One of a series of discussions on topics of particular interest 
to those employing radioisotopes and tracer techniques. 





























LIQUID SCINTILLATION COUNTERS 


If you plan to buy a Liquid Scintilla- 
tion Counting System, the only important 
criteria are: 
1.The counting efficiency and back- 

ground; 

2. The number of samples to be counted; 
3. The cost of the system and, 


4. The reputation and experience of the 
manufacturer. 


As you know, the first commercial 
Liquid Scintillation Counting System was 
produced at Tracerlab back in 1954, and 
we believe that our newest system, the 
LSC-10, is the most economical and 
practical ever designed. 

The Tracerlab system consists of a 
console for the scaler and associated cir- 
cuitry, and a freezer containing the 
sample changer and detectors. The unique 
detection system is a coincidence type 
with two photomultiplier tubes mounted 
at right angles to each other. The freezer, 
an 1i cubic foot unit, is only 38” wide, 
and has a capacity of forty-20 ml. samples 
with an in-freezer storage rack for 40 
more. Yet it is compact enough to be 
= even for crowded laboratories. 

hototubes are fully protected against 


accidental light exposure by means of a 
freezer mounted interlock. 


Here’s another point to consider: In 
the LSC-10 system, you don’t have to 
open the freezer to transfer samples. Ex- 
ternal controls afe provided — samples 
remain dark adapted — you get uniform 
counting conditions. Incidentally, the 
LSC-10 can be readily converted, in your 
laboratory to fully automatic operation 
(by means of standard accessories) if and 
when your volume of work requires it. 


Experts agree that both low tempera- 
ture and coincidence circuitry are an 
absolute necessity for low background 
and stable operation when counting 
tritium or low concentrations of carbon- 
14. Tritium compounds are among the 
most difficult to assay, particularly when 
in aqueous solutions. A look at the final 
test records made on five typical units, 
in series shows the following efficiencies 
and backgrounds for counting aqueous 
tritium. 


And, remember, these units can per- 
form even better when installed in your 
laboratory with settings optimized for 
your counting requirements. 


Unit Efficiency and Background 
Tv. dex eomenesees 9.0% at 95 cpm 
Rey ee ee ..6.2% at 70 cpm 
Dnitesceeaton Datos 7.6% at 73 cpm 
RRS OPO 6.2% at 83 cpm 


5.3% at 64 cpm 


Naturally, much higher efficiencies are 
obtained when counting non-aqueous 
tritium or carbon-14 compounds. Greater 
than 75% efficiency can be expected 
when counting C-14 samples and greater 
than 25% efficiency when counting tri- 
tium compounds in hydrocarbon solution. 


Further facts about the LSC-10. 


The lowest 
for any fine system. 


Tue Cost?...... 


DELIVERY? 
INSTALLATION?. 


Currently less than 30 days. 

Usually completed 
in a matter of hours. 
SERVICE? ; It’s world-wide, with 
more than 100 qualified representatives. 


INTERESTED?....... Write for a quotation 


and full details. 





Tracerlab : 


first in 
radiation measurement 


TRACERLAB, INC., 1610 Trapelo Rd., Waltham 59, Massachusetts +» 2030 Wright Ave., Richmond, California + 2419 South Blvd., Houston, Texas. 
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experience (eks pé'ri ens) n. Skill or wisdom 


gained by actually doing things. Knowledge 
gained by trial and practice. v.t.To undergo; 


to know or learn through one’s own actions. 


Doing is experience. Vitro has already designed two billion dollars worth of nuclear facilities 
..whose usefulness has been expanded by the early application of new engineering tech- 
niques. This experience assures you an on-time facility — and profitable design which remains 


competitive for years to come. Find out today how this background can be put to work for you. 





engineering the future 


EID encincerine COMPANY 


225 PARK AVENUE SOUTH, NEW YORK 3, W. Y. © 4 DIVISION OF VITRO CORPORATION OF AMERICA 
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Reactor vessel core access housing, foreground, is almost surgically clean when sealed in poly- 
ethylene sleeve. Plug rides on overhead stainiess steel hook. Under SPS Nuclear Division pro- 
cedure, the slightest puncture in plastic before crating demands complete recieaning, repackag- 


ing and inspection. 


Operation hound’s tooth 


Where reactor components are involved, ordinary clean- 
ing and packaging procedures are out. In their place, SPS 
applies methods so painstaking that the typical com- 
ponent is shipped out in almost surgically clean condition. 
For example, dips are made in acetone, or pure alcohol 
only, to prevent residual chlorides—chemically undesir- 
able in an atomic vessel. The flushing bath is distilled 
water—never tap water. And for hoisting and handling, 
galvanized hooks or slings are prohibited, zinc being an- 
other possible contaminant. Wiping, of course, is done 
with absolutely lintfree materials. 

Once dry, a part is not touched again by hand until 
sealed in a polyethylene sleeve (no oil paper—it may con- 
tain sulfur traces). And should the plastic sleeve acci- 


dentally be punctured prior to crating the part, the entire 
cleaning, packaging and inspection operation is repeated 
from scratch. 

Such meticulous methods are the essence of SPS reli- 
ability—a policy of doing the job even more thoroughly 
than demanded in order to assure 100% predictable per- 
formance. And in nuclear devices— portions of which may 
be permanently inaccessible—nothing less is really ac- 
ceptable. If you have requirements in this field (for 
reactor components or for conventional power-producing 
machinery), contact SPS—manufacturer of precision 
threaded fasteners and allied products in many metals, 
including titanium. Request Bulletin 2499. 


NUCLEAR COMPONENTS Division 


JENKINTOWN 45, PENNSYLVANIA 


where reliability replaces probability 
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BEATRICE CHANTAL 


sae ears 


AMELIE 


MINERVE 7) POCKET REACTOR 


48, rue la Boétie, PARIS Vili’ (France) 


1 FOE the lowest price 





Manipulating Arm Module — 
Hydraulically actuated. Can 
execute shoulder movements— 
elbow and wrist rotations. Locks in 
any position with full load. Avail- 
able in 25 & 150 Ib. load capacities 
and 3’ and 5’ arm lengths. Power 
Unit (not shown) may be located 
outside operating area. TV is an 
optional module. 


now in 
modular form— 
the Hughes 
Mobot’ 


Control Console Module—S mai 
and portable, it controls all moving 
parts of the MOBOT system. 
Designed to accommodate addi- 
tional controls if system is 
expanded 


TYPICAL APPLICATIONS 


Below are typical examples of how 
standard Hughes Mark 1-B modules 
can be assembled to meet your 
specific remote handling needs: 


Manipulating Arms, Power Unit, Control Console, Television System, Vehicle, Command 
System—these are the building blocks which make up the new Hughes Mark 1-B 
Modular MOBOT. 

These modules provide the flexibility needed to meet almost any remote controlled 
handling problem—be it fixed, semi-mobile, or fully mobile. For example, the arm 

(or arms) can be installed on a wall, pole or boom. To add mobility, the arm can be 
installed on a vehicle (with television if required). Any of these systems can be 
expanded or the location of modules can be changed as needed. 


The new Modular Mobot is the latest product of the Hughes Nuclear Laboratories — 
specialists in RADIATION—solid state detectors and detection systems, research 
LINACS, facilities, radiation effects analyses, and remote handling equipment. 


For complete engineering bulletins on any of the above products 

or for firm price and delivery dates, please write: feiciihsiia nie sinchn ain: tesiiiisinm 
HUGHES NUCLEAR ELECTRONICS MARKETING, 

P.O. Box 90515, Los Angeles 45, California. 


@TRADEMARK OF W.A.C. 


HUGHES AIRCRAFT COMPANY 


NUCLEAR ELECTRONICS 








BIG—BUT TAKEN IN STRIDE BY B-L-H’s FABRIGATING TEAM 


Fabricating jobs like the nuclear reactor being installed 
for the AEC at Hallam, Nebr., are no strangers to 
B-L-H. We have handled such tasks many times. 


To get an idea of what’s involved, note these facts about 
the Hallam reactor: 


Reactor vessel 


e 19 ft. in diameter, 33 ft. high, welded of Type 304 stainless 
steel 

® Metal thickness range from % to 2 in. 

e All material subject to ultrasonic inspection; all welds in- 
spected radiographically, also with dye penetrant and helium 
leak detection equipment 


Reactor containment vessel 


* 21 ft. in diameter, 36 ft. high 

* Bottom head fabricated of carbon-silicon steel, main barrel 
section of chromium molybdenum steel 

* All welds radiographed, bottom head section stress relieved 


Keep in mind, too, the fact that for parts as large as these 
—and with the limited amount of machining—the toler- 
ances call for highest accuracy in fabrication. 

Handling big fabricating jobs economically and efficiently 
is our stock in trade. So take advantage of our exceptional 
experience and competence. Consult us about your next 
project and write now for a copy of our illustrated Weld- 
ment Bulletin 7001. 

Loading face shield shell of 


Hallam reactor being check- 
fitted to upper cavity liner 





BALDWIN :- LIMA: HAMILTON 
industrial Equipment Division - Philadelphia 42, Pa. 
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NUCLEAR ELECTRONICS 


AT FERNALD PLANT OF 


NATIONAL LEAD COMPANY 


... PRIMER 
INDICATION 
OF STOKES 
VACUUM 
FURNACE 


VERSATILITY 


This versatile Stokes Vacuum Induction Furnace is 
being operated at the Fernald Plant of the National 
Lead Company in Cincinnati, Ohio, for the Aioinic 
Energy Commission. Large uranium ingots, for a 
wide variety of special metallurgical examinations, 
are being cast in this facility. The consistent long 
term performance of this furnace has again con- 
firmed the Stokes world-wide recognition as manu- 
facturers of highly reliable, rugged vacuum furnaces 
for nuclear use. 


Pumped by a Stokes Mechanical Booster, the fur- 


Vacuum Metallurgical Equipment Division 
F. J. STOKES CORPORATION 
5500 Tabor Road, Philadelphia 20, Pa. 


Stokes Vacuum Induction Furnace casts uranium ingots at the 
Fernald plant of National Lead Company. 


nace operates in the low micron pressure range. The 
bottom rollaway configuration is just one of the 
many standard designs offered by Stokes. Typical of 
Stokes single source responsibility is the fully inte- 
grated 200 KW induction power supply for melting 
and mold heating. 


Why not investigate how Stokes vacuum know-how 
can assist your program? Whatever your require- 
ments, the inherent flexibility of Stokes design con- 
cepts is assurance that your stringent needs can be 
met. Contact Stokes today. 
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What's the secret of this fast, positive-seal fitting? 





Swagelok Quick-Connect Fitting Installation in Boeing Airplane Company, 
Seattle, Wash., Test Facilities for Boeing 707 Jet Stratoliner 


Here’s the 

secret of this 

fast, positive-seal 

Swagelok 

Quick-Connect Fitting! 
ee eer: 


ow 
1. Swagelok Quick-Connects with single 2. Flow resumed in- - Light, compact, stream- 4. Instant-acting seals 5. No twisting, turning or 
end or double end shut off for tube to pipe, stantly and vacuum lined design. Occupies little completely prevent loss wrench action necessary. Easy 
tube to tube, bulkhead tubetotube applica- tight seal assured space. For use with portable of pressure when fitting straight-line finger tip pull 
tions are available in brass and stainless when connection is equipment, and bulkhead or is disconnected. or push action for instant 
steel in sizes for 4” and %” 0.D. tubing. made. panel applications. connecting or disconnecting. 


In the Boeing Airplane Company photo shown above, the Swagelok Quick-Connect Fitting to simplify test installations, 
tubes are instrumentation pressure lines running from the and substantially cut down test set-up time. Both ends of the 
large jet engines on test stands to the patch board, where many pressure lines are Swagelok-equipped. Previously, engi- 
the lines are coupled into measuring devices. neers used a screw-type fitting which required a wrench and 
The Boeing Airplane Company adopted this positive valuable time-consuming operations to tighten and remove. 


Swagelok engineers are equipped with experience, ability, and a wide 


range of tube fittings designed to meet your individual problems. 
Quick delivery of Swagelok tube fittings from local distributor stocks. 


® = 
QO 2 | i CRAWFORD FITTING COMPANY 
NA FITTINGS . , ~ 884 East 140th Street - Cleveland 10, Ohio 


Crawford Fittings (Canada) Ltd., Niagara Falls, Ontario, Conada 








The John Jay Hopkins Laboratory for Pure and Applied Science is the F | p 4 
focal point of General Dynamics’ General Atomic Division in San Diego, oCca oint 
California . . . a modern center where strong engineering and develop- 


mental activities are combined with broad basic theoretical and experi- f N | 
mental research . . . an ideal environment for productive efforts in the or uC ear 


fields of nuclear engineering and science. 


Here, advanced work is underway on the High Temperature Gas-cooled Engi nee ri ng 


Reactor (HTGR), which promises to be a major short cut to the nation’s 
goal of economic nuclear power. The prototype HTGR plant will be 
completed in 1963 for Philadelphia Electric Company and High Temperature Reactor Development Associates, Inc. 

Here, engineers and scientists work in a creative atmosphere in other advanced activities, including the MGCR gas-cooled 
reactor and closed-cycle gas turbine system for merchant ship propulsion . . . TRIGA reactors for training, research, and 
isotope production, which are now being installed on five continents . . . small nuclear power systems . . . test reactors . . 
nuclear power for space vehicles . . . thermoelectricity . . . controlled thermonuclear reactions. 


Rapid expansion of these programs has created openings, including senior positions, for experienced engineers and 
scientists who seek a high degree of individual responsibility together with unusual opportunities to demonstrate their initia- 
tive and ability. In engineering, for example, immediate openings now exist 
for nuclear engineers to work on the following programs: 

Reactor core design and thermal analyses. 

Reactor design neutronic calculations. 

Analyses of reactor and system controls. 

Evaluation of economics associated with reactor core design. 

Operation and analysis of critical experiments and applications of 

results to reactor design problems. 

In addition to positions for Nuclear Engineers, openings also exist for 
qualified Chemical Engineers, Metallurgists, Mathematicians-Program- 
mers, and Experimental and Theoretical Physicists. Please address your 
letter of inquiry to Manager of Personnel, General Atomic, P.O. Box 608, 
Dept. 10, San Diego, California. 


GENERAL DYNAMICS 
GENERAL ATOMIC DIVISION 











Where expansion joint reliability really counts... YOU FIND ZALLEA 


manufacturing firm in these fields has 
given us an unequalled background of 
experience and engineering capacity. It 
can give you important savings in time 
and investigation when expansion is in- 
volved in piping systems or tanks. 


Eighteen Zallea Expansion Joints pro- 
tect all the piping between compressor, 
reactor and turbine in General Electric's 
Heat Transfer Reactor Experiment 
HTRI Sizes range from 18-in. to 
40-in. diz Temperatu are 500 F and 
1500 F at 53 psig 


Objectives of HTRI 
complete aircraft 


were to develop 
and test a nuclear 
power plant system, to determine oper- 
to verify the 
nuclear pro- 
research in- 


ating cCharacteristi 


; 


design of a direct-air-cycle 


pulsion system. As in any 


WORLD’S LARGEST MANUFACTURERS OF 
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volving unknown quantities (in this case 
the heat source) a basic requirement for 
all system components was maximum 
reliability. The results of HTRE were 
successful. Objectives were accom- 
plished. The integrity and life of all 
system components were verified. 


This is another example of Zallea com- 
petence in the nuclear field. In fact, 


Zallea has provided the large majority of 


all the expansion joints used in atomic, 
nuclear and missile projects. Our work 
with almost every major engineering and 


Write for Catalog 56, which contains 
complete and comprehensive engineer- 
ing data for Expansion Joints from 3-in. 
to 50-ft. diam., pressures to 3600 psi, 
temperatures to 1600 F. 

ZALLEA BROTHERS, Taylor and Locust 
Streets, Wilmington 99, Delaware. 


FOR MAXIMUM RELIABILITY 


EXPANSION JOINTS 
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How Hagan Contributes 


40 years of control and water technology experience 


s : - . 
to Atomic Power Plant Development i 1918 tea kettle boiler with Hagan Controls, 


° ; Power plants have been Hagan’s main 
interest for over 40 years. From the days 
of the ‘““Tea Kettle’’ to the modern high 
temperature, high pressure boiler, Hagan 
control equipment and engineering know- 
how have contributed materially to power 
plant efficiency. Hagan also designs and 
manufactures high accuracy, solid state 
data handling and temperature monitor- 
ing equipment. 

‘Originally established to deal with boiler 
water problems, the Hall Laboratories 
division of Hagan has extended its water 
management activities to all phases of the 
procurement, use, and disposal of indus- 
trial water. 

Today, these highly developed skills are 
being applied to similar problems in nu- 
clear power plants. Here are a few of the 
areas in which Hagan control engineering, 
or Hall’s ability to make water behave pre- 
dictably have served the nuclear field: 

Temperature measurement on the so- 
dium purification loop on an experimental 
nuclear reactor . . . mass flow metering on 
a gas-cooled reactor loop . . . condenser 
protection relief system on a reactor power 
plant . . . steam pressure control system 
for first nuclear powered commercial vessel 
... consultation on water treatment for a 
pressurized-water and a homogeneous 
reactor . . . materials specification and 
water treatment for an electron accelera- 
tor cooling system . .. steam quantity tests 
on nuclear submarines. 

The specialized chemical experience of 
the Calgon Company, another Hagan divi- 
sion, is also available to aid in specific 
water problems such as corrosion, deposi- 
tion and cleaning. 

A separate, highly qualified Hagan or- 
ganization—the Nuclear Power Division 
—coordinates all Hagan activities in the 
atomic power area. For information on the 
application of Hagan equipment and serv- 
ices to atomic power plant development, 
write or phone NUCLEAR PowERr Division, 
Room 808, HAGAN CENTER, PITTSBURGH 
30, PENNSYLVANIA. 
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CHEMICALS & CONTROLS, INC. 
the world’s largest steam boilers (3,850,000# steam/hr) will have HAGAN CENTER, PITTSBURGH 30, PA. 


Hagan controls, instrumentation and data processing systems 


Now under construction, TVA'’s Widows Creek Unit No. 7, one of 


HAGAN DIVISIONS: CALGON COMPANY—HALL LABORATORIES — BRUNER CORP. 
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15,000 hp multi-stage 
axial flow compressor. 


6,000 hp axial flow compressor 
with 1100°F inlet temperature. 


JOY OFFERS UNIQUE CAPABILITIES 
IN GAS CIRCULATOR DESIGN 


Compressing gases at the high temperatures and 
pressures required for gas-cooled reactor loops is 
routine to Joy engineers. In working with the nu- 
clear power industry, Joy has provided compressors 
capable of handling inlet temperatures to 1100° F, 
considerably above design temperatures now used 
in primary loops. Double-case construction and met- 
allurgical design know-how have solved the many 
difficult structural and thermal problems. 

Full consideration has been given to the problems 
relating to controls and aerodynamic stability of re- 
actor cooling loops using cifculators in parallel. A 


AIR MOVING EQUIPMENT FOR ALL INDUSTRY 


unique line of centrifugal compressors has been de- 
veloped with extremely desirable characteristics. In- 
creasing pressure with decreasing volume is avail- 
able to zero flow, with no flow instability or surge. 

In addition, Joy is the exclusive distributor in the 
United States for De Havilland Gas Circulators for 
radioactive auxiliary and test circuits. These circu- 
lators are leak-proof and contamination-free. An 
outstanding feature of their design is the use of 
gas bearings. 

For complete details on Joy gas circulating com- 
pressors, write for Bulletin 1282-92. 





Dust Collectors 








Reciprocating & Dynamic Compressors Blowers 


Joy Manufacturing Company 
Oliver Building, Pittsburgh 22, Pa. 


In Canada: Joy Manufacturing Company 
(Canada) Limited, Galt, Ontario 


© 


Fans and 
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NOW... Reactor kinetics teaching moves forward 
with advanced L&N simulator 


Using advanced components and circuitry, the latest L&N Nuclear Reactor Simulator vividly demon- 
strates the dynamics of reactor kinetics 

Two integrated analog computer circuits perform all calculations for this educational tool. One 
circuit simulates the time variations of neutron flux. The other adds reactivity feedback from average 
reactor temperature and poison concentration. With such flexible circuitry, a variety of studies can be 


made of neutron flux and reactor coolant systems dynamics—duplicating the operation of an actual reactor. 


Before planning your nuclear reactor training program, may we suggest that you contact our 
Nuclear Systems Group. Its members will be glad to supply more information on this flexible Simulator. 
Write Leeds & Northrup Co., 4936 Stenton Ave., Philadelphia 44, Pa. 


LEEDS NORTHRUP 
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Gas bearing compressors — 


totally enclosed, lubricant free circulate gases 
up to 700 C, 2,000 psi, without contamination . .. 


STATOR WINDING 
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GAS BEARING COMPRESSOR 











ANOTHER ENGINEERING ADVANCE 
BY BRISTOL SIDDELEY 
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car and maintenance are reduced 
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to an absolute minimum; perfect cleanliness is preserved 
at all times 

Applications 

Bristol Siddeley gas bearings were developed originally to 
meet the extremely fine limits of operating purity and 
precision of manufacture demanded by the advent of nuclear 
engineering. But gas bearings have many other applications 
where a rotating shaft must be supported in such a way 
that nocontamination and leakage can be allowed and where 
the supply of chemically pure fluids or gases is essential: 
in the textile, chemical engineering, pharmaceutical, food 
storage and processing industries, to name but a few. 

For information about Bristol Siddelely gas-bearing com- 
pressors and gas bearings, please write Bristol Aero-Industries 
Limited, 200 International Aviation Building, Montreal 3. 
Canada 


See!) BRISTOL SIDDELEY ENGINES LIMITED 
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Nose cone being removed from Wyman-Gordon-U.S.A.F. forging press. 


Precision Forging of ATLAS Nose Cones 


When you need a large, custom-engineered die block, 
think of U. S. Steel first. Take this 40-ton die block 
shown in the final stage of forging on our 10,000-ton 
press. Designed by Wyman-Gordon for production of 
copper nose cones by closed die forging, this job re- 
ceived the personal attention of our metallurgists, 
forgers, and machinists from start to finish. 


To obtain the correct hardness, our metallurgists 
chose a CrMoV alloy. An 85-ton electric furnace 
heat was then “vacuum-cast” into a 72” diameter 
ingot to produce the best internal quality possible. 
Under the careful supervision of our forge team, the 
ingot rapidly assumed the final contours. As you can 
see, the die impression was “‘forged-in” with a special 
cupping tool for maximum toughness. 


This die block was then subjected to a series of 
heat treatments and machining operations, closely 
coordinated between heat-treater and machinist, 
to produce maximum performance at the Wyman- 
Gordon-U.S.A.F. Plant. Final inspection of the rough 
machined block included hardness and ultrasonic 
testing as well as a close check of dimensions. 


In addition to large die blocks such as this one, 
U. S. Steel makes many types of forgings—all by a 
team of experts. Let them handle your next order. 
You'll be assured of a high quality product, specifi- 
cally engineered for your particular application. 
Inspection of copper nose cones at Wyman-Gordon-U.S.A.F. Plant USS is a registered trademark 


United States Stee! Corporation—Pittsburgh 
Coltumbia-Geneva Stee!—San Francisco 
Tennessee Coal & Iron—Fairfield, Alabama 
United States Steel Export Company 


United States Steel 
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Let A.I’s experience guide your Nuclear Power Program 


The largest privately-owned facility in the world fo 
remote handling of radioactive materials is located at 
Atomics International’s 290-acre field 
Los Angeles. Here the men who pioneered the creative 
peacetime uses of atomic energy are applying their 14 
years of experience to developing advanced nuclear reac 
tors and associated equipment. 

Much of AI’s work has been on projects for the U.S 
Atomic Energy Commission. This includes the 
Moderated Reactor Experiment at the National Reacto1 
Testing Station in Idaho and the Sodium Reactor Expe1 
ment in California. AI has also built an 
SNAP II, a 220-pound prototype reactor desig 


laboratory neal 


Organi 


d is operating 


a ATOMICS INTERNATIONAL 


Other offices in: Washington, D.C., U.S.A.; Geneva, Switzerlan« 
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DIVISION OF 
PIONEERS IN THE CREATIVE USE Ol! 


duce 3 KW of electricity for space vehicles 

With some of the most sophisticated facilities in the 
world at their disposal, the men at AI are now conducting 
studies for large power station reactors in the United 
States and Europe. Two reactors are now actually under 
construction under AEC programs—an Organic Moder- 
ated Reactor in Piqua, Ohio, and a Sodium Graphite 
Reactor in Hallam, Nebraska. Smaller research reactors 
have been built by Atomics International for Denmark, 
Germany, Italy, Japan, Puerto Rico and several sites in 
the U.S.A. 

For details contact: ATOMICS INTERNATIONAL, Canoga 
Park, California, U.S.A. Cable address: ATOMICS. 


NORTH AMERICAN AVIATION INC. 


rHE ATOM 


NTERATOM, Bensberg/Cologne, Federal Republic of Germany and DYNATOM, Paris, France 
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new dimensions in welded sandwich structures 


= Budd has developed, fabricated, and 

ao tested high performance, lightweight, 
sandwich structures to meet a variety 
of requirements. 

Applied to insulation problems, sandwich struc- 
tures have permitted extremely low heat transfer 
coefficients . . . applied to heavily loaded structures 
they provide excellent stiffness to weight ratios... 
applied to heat transfer problems they have given 
substantial improvement in efficiency. 

Designs can be economically produced through 
improved equipment and improved techniques. 


For example: a Budd-developed High Speed Weld- 
ing Machine can make 2,000 controlled resistance 
welds a minute. 

Budd welding know-how...and rich back- 
ground in working with many different metals... 
assure you the best possible welded sandwich 
structures. What are your requirements? The 
Budd Company, Philadelphia 32, Pa. 
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Photo by General Dynamics 


IN THE NAVY’S NEW NUCLEAR FLEET 
Darling Stainless Stee/ Valves are“on duty” 


Meeting the Navy’s specifications for valves submarines. These valves incorporate the 

in nuclear power plants demands the highest exclusive revolving double disc parallel seat 

quality and production standards. feature... which insures positive sealing and 

Darling is one of the group of manufac- ease of operation. 
turers supplying stainless steel valves for the Our know-how and precision manufactur- 
Navy’s new nuclear submarines. Darling ing facilities are at your disposal. 
ee ” ver. io — a ae P . Darling stainless steel 

valves are “on duty” on the U.S.S. Skipjack Write us for information, or we'll gladly nate wile 
(photo above) as well as on other nuclear arrange for a Darling sales engineer to call. 


*The nuclear reactor for the Skipjiack was designed and developed by the 
Bettis Atomic Power Laboratory. Westinghouse operates the Bettis Labo- 


ratory for the U.S. Atomic Energy Commission under the direction of DARLING 
and in technical cooperation with the Naval Reactors Branch of the AEC. oy 
SD »/ 
DARLING VALVE & MANUFACTURING CO. oO 


; 


Williamsport 6, Pa. VAL E 
Manufactured in Canada by Sandilands Valve & Manufacturing Co., Ltd.. Galt 19, Ont. V 
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Write today for furthe r information on B/A’s complete Atomic 


Instrument line—and your free copy of the Baird-Atomic 
Radioisotope Data Chart to Department RA. 


bal aa 
Baird-Atomic, Inc. 
33 University Road, Cambridge 39, Massachusetts 











AMF REACTORS in 
planning, construction 
le] m@relel-te-hdlels 

Columbus, Ohio 

Munich, Germany 
Plainsboro, New Jersey 
Hamilton, Ontario 
Turin, Italy 

Sterling Forest, New York 
Athens, Greece 

Lisbon, Portugal 
Rehovoth, Israe 
Tehera Iran 
Mayaguez, Puerto Ricc 
Buffa New York 


Istanbul, Turkey 
Rawalpindi, Pakistar 
Tokai-Mura, Japan 
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“Biz AMF i sectik’’ 
fs. P ahs 
AL 4 AMFERKE, 
‘Wij geven de voorkeur aan AMF”’ 
t 0} oD KR 1372 
“‘Nos escolhemos AMF”’ 
& ot ad ti Mel ame He 
‘“‘Wir haben AMF gewahit’’ 
"E FtAiEa ptr car A.M. F. 


“‘Hemos escogido AMF”’ 
oe aw 


co nit re 
““Abbiamo scelto AMF”’ 
“We chose AMF” 


‘ 


la 


This decision has been made 21 
times and in 12 languages by rep- 
resentatives of universities, atomic 
energy commissions and research 
institutes charged with the selection 
of the best research or training re- 
actor for their needs. While the 
claim of leadership based on quan- 
tity of output is often a hollow boast, 
in reactor technology and construc- 
tionit has extraordinary significance, 

Each new reactor or modification 
has explored unknown areas of per- 
formance and manufacture. Experi- 
ence gained in shrinking these areas 
literally cannot be duplicated. To 
your needs AMF brings unique 
knowledge covering design, develop- 
ment, fabrication, engineering-con- 
struction and start-up of pool, heavy 
and light-water tank, and special 
purpose reactors. 

AMPF’s record starts with the Bat- 
telle Memorial Institute’s pool-type 
reactor, in operation since 1956, the 
pioneering effort in research reactor 
standardization. The roster of AMF 
design and fabrication innovations, 
all of them developed to meet special 
customer needs, is unmatched. 

AMF Atomics across the board 

AMF Atomics has utilized AMF’s 
vast mechanical experience in pro- 
duction of a wide range of reactor 
components and auxiliary equipment 
including: 

* Reactor servicing equipment 

* Control rod drive assemblies 

* Standard and heavy-duty 
ms manipulators 


AMF ATOMICS 


A Division of 


a 


American Machine & Foundry Company 
261 Madison Avenue, New York 16, N.Y. 


cmmolclarelaisclsie-me-lesecmascmeecisem ©. . across the world 








General Mills ‘‘Muscle-Man” with a Gentle Touch 


At the Naval Research Laboratory, this General Mills 
Mechanical Arm helps solve nuclear handling problems 


At the Naval Research Laboratory—as in almost 
every other major atomic installation in America 

the General Mills Mechanical Arm solves re- 
mote handling problems. It lifts great weights 
with ease, yet handles fragile material safely. 
Each of the three models of Mechanical Arm is 
adaptable to nearly any installation requirement. 
Facilities planning and a full line of remotely 
controlled handling devices: heavy duty and un- 
derwater manipulators; power tools and acces- 
sories; crane hoists; boom or wall mounted 
manipulators; mobile remote handlers; fuel 
handlers; reactor service and maintenance equip- 
ment; these and many more are included among 
the standard or custom design products and 


NUCLEAR 
EQUIPMENT 
DEPARTMENT 
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services offered by the Nuclear Equipment 
Department of the Mechanical Division. 


If your operation involves remote handling, 
you'll want to contact the Nuclear Equipment 
Department of General Mills. If we have not 
already built remote handling devices which will 
satisfy your requirements, we have the experi- 
ence and know-how to design custom equipment 
to suit your needs. 


Write for our five new engineering bulletins: 
Nuclear Equipment Department 
Mechanical Division of General Milis 
419 North Sth Street 
Minneapolis 1, Minnesota 


First In Remote Handling 


MECHANICAL DIVISION 


Minneapolis, Minnesota 





| ) R EK ( | S ION The superbly designed systems 


for biological, clinical and 


IN S sk R UM EK N T A 7 I( YN F QO R industrial research shown here are 


part of the complete line of 
NUCLEAR: MEASUR EM ENTS radioactivity measuring instruments 
Fe ; WU his Ad . 

developed and manufactured by 
Nuclear-Chicago. Instruments 
of superior quality, versatility and 
performance have made us the 
world’s leading supplier to 
the nuclear industry. General 
Catalog R contains complete 
specifications and application 
information on these systems and 
details on our complete line. 
Please ask us for your copy. 


























L. Automatic Sample Changer system accepts phases. Ideal for continuous flow analysis. 
35 radioactive samples and presents printed y 


data on length of time required to accumulate t. Scintillation Well Counter and 


predetermined number of counts. ee permit low worn ny 

2. Actigraph® system ene a of ae s of gamma emitting liquid or 

position and total activity of radioactive —a , nuctlear-chicago 

spots on strip chromatograms. 5. Model 4000 Training System includes . CORPORATION 

3. The acon® Electrometer measures scaler, timer, G-M Tube, sample mount, 
F 


soft beta samples in solid, liquid, or gaseous radioactive reagents. pipette, sample pans. OP EWARS ANE. S BED Cale 
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Army and Space Reactors , 


THE NAVY REACTOR program is the only part of 
the U. 8S. reactor effort that has consistently had a 
sense of purpose and direction. As a consequence, 
its achievements have been phenomenal, and the 
U.S. is unquestionably leading the world here. 

Civilian nuclear power, on the other hand, has 
never really had any strongly motivated drives 
behind it. Thus, it has meandered along. 

It is easy to see these things in retrospect. But 
now, as we stand on the edge of entering new fron- 
tiers in other reactor fields, it is possible to make use 
of our past experience and point out that unless we 
light a fire under some of our newer programs there 
will be a serious danger of meandering—to the point 
where, five to ten years from now, we'll look back 
with regret 

Two such reactor programs are the Army and 
space efforts Soth have been rather modest in 
size to this point. And, it is now clear, both are 
inadequate, totally inadequate, if the U.S. is to 


forge ahead imaginatiy ely and boldly in these areas. 


THE ARMY PROGRAM to date, which has been a 
poor cousin of the reactor field, financially speaking, 
has been a successful one technically. A great deal 
has been learned about the operation, engineering 
and economics of compact water reactors that shows 
they are admirably suited to meet the power re- 
quirements of remote bases. It had originally been 
thought that reactors of this size (less than 2,000 
kwe) would only be justifiable for a long time to 
come on logistic grounds—to make the Army (and 
other services) independent of long fuel-oil supply 
lines 

But now, studies show that a several-thousand-kw 
pressurized-water plant would be competitive with 
oil-fired plants in about two years after the nuclear 


plant went into operation in the Antarctic. 

Despite this, the Pentagon—either because of a 
nuclear inferiority complex or because of technical 
and budgetary conservatism—has not seen fit to 
ask for funds to make history at the Antarctic. 
Instead, the Joint Committee on Atomic Energy 
finds itself in the peculiar role of pleading with the 
Pentagon to ask money of the Congress. 


IN THE SPACE FIELD, although the technology is 
not similarly advanced, the opportunity for captur- 
ing world leadership is present too. But again, per- 
haps this time because the responsibility is spread 
among several different government agencies, ag- 
gressive and unified leadership has been absent and 
the program has consequently been a leisurely, 
seemingly unmotivated one. 

The nuclear reactor space effort has centered 
around the Project Rover rocket work and the 
SNAP (Systems for Nuclear Auxiliary Power) pro- 
gram. This work has already shown quite clearly 
that nuclear energy is the only hope for conquering 
space—for getting vehicles into deep space, main- 
taining them there, providing a variety of communi- 
cations services from space, and achieving inter- 
planetary travel. 

But firm and early contract dates have not been 
established. Even as the nuclear-aircraft effort has 
floundered and is now in an almost hopeless state, 
so these efforts will suffer unless strong direction is 
given. 

This applies to both the Army and space reactor 
work. Leadership for the U. 8. is within reach in 


these pioneering fields. With unquestioned sup- 


port from Congress already indicated, the Adminis- 
tration must quit shuffling its feet and see that work 
moves ahead at a rapid, clearly defined pace. 





Chemical Protection from 
Radiation Effects 


CHEMICAL PROTECTION of irradiated 
systems and chemical promotion of 
radiation effects are outstanding ac- 
complishments of thestudy of radiation 
chemistry and biology. By addition of 
selected chemicals one can hope to 


Some substances prevent undesirable reactions, 


and others promote beneficial ones. 


Comparing 


chemical structures may show why and how 


By DONALD R. KALKWARF 


Hanford Laboratory, General Electric Co., Richland, Washington 


reduce hazardous effects of ionizing 
radiation to man, protect exposed ma- 
terials from damage and improve 
vields of radiation-induced reactions. 

Although ionizing 
radiation is not particularly dependent 


absorption of 








Prospects for Protecting Humans 


World-wide research effort is looking for ways to protect human beings 
chemically from effects of ionizing radiation. It is now certain that radiation 
death of experimental animals can be inhibited by pretreatment with certain 
compounds. In general, protected animals can tolerate up to twice as much 
absorbed radiation as can those without protection. At present chemical pro- 
tection from genetic damage, however, does not appear successful. 

Application of currently known protective agents to humans is limited by their 
high toxicity and short effectiveness—only a few hours. But use of such 
cornpounds would certainly be indicated in emergencies such as war, accidents 
in nuclear-energy plants or entrance into unforeseen radiation zones of outer 
space by travellers of the future. 

A more routine application is in radiation therapy. If healthy parts of the 
body can be protected from damage, larger radiation doses can be used to 
treat malignancies and the problem of shielding the patient during treatment 
is reduced. 

Some success has already been noted with tumor-bearing mice pretreated 
with AET (59) and humans pretreated with cysteamine and cystamine (61). 

Oral introduction of AET has been found to be as effective as intravenous 
or intraperitoneal injections in mice and monkeys (35, 55) and to provide the 
longest protection. Nevertheless, a maximum oral feeding is totally effective 
only if given less than 6 hr before exposure to 900 r (35). The protective ability 
of AET in other mammals is subject to question (56, 57), and in humans it 
is unknown. The biological half-life for renal excretion of this compound 
and its decomposition products in humans is only 12-16 hr (58); so its actual 
period of effectiveness may be considerably less. Preliminary toxicity tests of 
AET on humans indicate that even 10-5 moles/kg of body weight can produce 
nausea and rash in some patients (59). This may be a small cost for the protec- 
tion as compared with some alternative consequences. Ingestion of up to 800 
mg of cystamine or intravenous injection of 400 mg of cysteamine (~4 107° 
mole/kg of body weight) has been suggested for human protection in case of 
emergency. The effect would probably last only a few hours (60). 








on chemical structure, subsequent 
utilization of deposited energy varies 
considerably with absorber structure 
and environment. The basic problem 
is to manipulate these factors so as to 
facilitate some reactions and retard 
Fortunately the 
events during irradiation are involved 


others. molecular 
enough to be deflected at several dif- 
ferent stages by added reagents. 


Protection, Restoration 


Protection has various meanings 


depending on whether one takes a 
macroscopic or microscopic view of 


Within a 
system, ionized and electronically ex- 


irradiated material (1-3). 


cited structures decompose spontane- 
their 
neighbors and transfer energy to them. 


ously, react chemically with 
Subsequently decomposition and_re- 
action products react with other con- 
stituents until an ultimate composition 
is attained. One can maintain or 
create desirable properties of the sys- 
tem by preventing decomposition of 
certain molecular components present 
initially or formed during irradiation. 
This is what we mean by “protection.” 

There are also systems in which one 
can maintain desirable properties by 
regenerating components destroyed by 
radiation. This is termed ‘restora- 
tion.” Often it is difficult to distin- 
guish between protection and restora- 
tion; a reagent may accomplish both. 

Chemical agents can also increase 
(promote) the effects of 
irradiation. 


apparent 
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exchange at a distance. To be effective, 
processes must be fast enough to com- 
pete with dissociations that cause damage 


FIG. 1. ENERGY AND CHARGE TRANSFER transfer are (a) charge exchange in a 
to an additive can protect a molecule collision, (b) excitation exchange in a 


exposed to radiation. Three modes of collision and (c) resonance excitation 


MECHANISMS 


On a mi there 


several mechanisms (some hypothetical 


roscopic scale are 


and confirmed) which increase 


som 
and decrease radiation effects: 

Energy and charge transfer. An 
ionized or excited molecule transfers its 


charge or excess energy to a reagent 


molecule either by collision or by 


resonance transfer at a distance. 
Scavenging. 
sorbing the radiation decompose, but 


Molecules initially ab- 


additives react rapidly with the decom- 
position products and prevent them 
from attacking other molecules. 
Complex formation. An additive 
can form complexes that are either 
more or less susceptible to radiation 


] 


than the original substance. 


Energy, Charge Transfer 


One method of protecting an ionized 
or electronically excited molecule from 
decomposition is to enable it to transfer 
its charge or excess energy to an added 
reagent. Such a transfer must be fast 
with dissociation 
the 


molecule can dissociate within 


enough to compete 


processes. In some cases, acti- 
vated 
10-4 sec, but usually localization of 


enough energy in a particular bond 
requires a much longer time (typically 
10—!3-10~* sec 

Figure 1 types of 
To 
remove energy efficiently from the acti- 
vated the additive 


have a lower 


show Ss several 


proposed transfer mechanisms. 


molecule, should 
slightly ionization or 


excitation potential (4). In fluid sys- 
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tems the speed of charge transfer is 
limited by diffusion; the donor and 
acceptor must be in contact. Excita- 
tion energy, however, can be exchanged 
between molecules separated by as 
much as 70 A_ through 
transfer (5, 6). One of the require- 
ments of this process is a partial over- 
lap between the absorption spectrum of 
the acceptor and the emission spectrum 
of the donor, despite the fact that the 
transfer is ‘‘radiationless.”” The proc- 
ess occurs much more rapidly than 
ordinary fluorescence and thus com- 
petes more favorably with dissociation. 

In some ways transfer processes 
occur more efficiently in rigid systems. 
Order in crystalline material allows 
excitation energy to move in ‘‘ex- 
citons,”’ which can traverse the crystal 
faster than its vibrational relaxation 
time (7, 8). Crystalline structure also 
facilitates charge transfer by providing 
conduction bands in which electrons 
can easily travel far (8, 9). 

Energy conversions within a mole- 
cule can decrease the probability of 
decomposition; energy can be dis- 
tributed so widely that its localization 
in any one bond is improbable. Para- 
magnetic additives or those containing 
atoms with strong nuclear magnetic 
fields can promote this wide distribu- 
tion by extending the number of 
energy states available to the original 
molecules. Ordinarily transitions be- 
tween energy states of different multi- 
plicity are not probable, but proximity 
of strong magnetic fields can remove 
this forbiddenness (10). This protec- 


resonance 


tive effect of an additive can also occur 
rapidly and compete with dissociation 
processes (11). 

How we know. Many laboratory 
experiments provide evidence of energy 
and charge transfer in irradiated sys- 
tems. For example, a 32% reduction 
in the polymerization of irradiated 
acetylene is achieved by adding ben- 
zene vapor in a 1:3 mole ratio (12). 
This is a rather convincing example of 
charge transfer: the polymerization- 
inhibiting benzene has a lower ioniza- 
tion potential thanacetylene;conversely 
additives with higher potentials pro- 
mote polymerization (13). Formation 
of hydrogen from decomposition of 
liquid cyclohexane is reduced 10% by 
10-* M benzene (14, 15). Similarly 
addition of perdeuterobenzene protects 
benzene during gamma irradiation (16). 
Even in these simple systems, however, 
it is difficult to distinguish particular 
types of transfer processes; several may 
be occurring simultaneously. 

There is considerable evidence for 
energy and charge transfer in irradiated 
solids. The radiation resistance of the 
enzyme catalase in the dry state is 
almost doubled by adding 2% gluta- 
thione (17). The main chains of 
polymethylmethacrylate are protected 
from scission by small amounts of 
various compounds dissolved in the 
polymer to form a solid solution (18). 
For example, the energy required to 
break a chain in the presence of 10% 
di-m-tolylthiourea was increased by a 
factor of almost 4. Even water bound 
to polysaccharides appears to accept 
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FIG. 2. SCAVENGING OF REACTIVE SPECIES by an additive is another mode of protec- 
tion. The reactant R combines with additive A to form a nonreactive complex RA. Col- 
lisions between complex and protected molecules fail to produce the damage that would 
occur in molecule-reactant collisions without the additive 


energy from the main chains, prevent- 
ing their degradation (19). 


Scavenging Intermediates 


Even though the molecules initially 
absorbing the radiation decompose, 
the system as a whole can be largely 
protected by inhibiting secondary re- 
actions caused by decomposition prod- 
ucts and other intermediates (Fig. 2). 
Additives that react rapidly with these 
substances can sacrificially prevent 
their attack on other molecules in the 
system. The amount of protection 
depends on both additive concentra- 
tion and ability to react with an inter- 
mediate on collision. Structural fea- 
tures that enhance ability to react are 
of particular interest (20); one would 
like to protect large amounts of ma- 
terial with little additive. 

In general, free radicals are the most 
reactive class of decomposition prod- 
ucts, and free-radical scavengers offer 
potent protection. Attack on the 
enzyme carboxypeptidase by radicals 


formed during the irradiation of water 
was early shown to be modified by the 
Like- 
wise protection of polymethacrylic acid 
(22) and the dye erioglaucine (23) in 
aqueous solution achieved by 
adding a wide variety of compounds. 
The inherent ability of compounds 
to react with radicals varies widely. 
Thiourea, for example, was found to 
react 2,000 times as rapidly as the same 
concentration of urea (21, 23). Nu- 
merical comparisons in series of related 
compounds help determine which modi- 
fications produce the best scavengers. 
Oxygen, being a diradical, can be- 
come an important intermediate in 
promoting radiation damage. It re- 
acts rapidly with other radicals to 
form peroxy radicals; these in turn 
attack compounds to form new free 
radicals and reactive peroxides (24). 
Other additives react selectively with 
molecular oxygen and peroxides; in 
fact, inhibitors usually present in 
commercial hydrogen peroxide limit 


presence of other solutes (21). 


was 


FIG. 3. MOLECULE-ADDITIVE COMPLEXES may also have a protective action. Molecule 
M combines with additive A to form a particularly stable complex MA, which remains 


unaffected in collisions with reactant species R. 


Without additive, collisions between 


molecules and reactant species produce more reactants 


its use in duplicating hydrogen-per- 
oxide effects produced by irradiation 
of water (24). 
Electrons 
ants. 
formed in excited 


are also potent react- 
Since positive ions are initially 
neutraliza- 
tion of one of them with an electron 
produces an excited molecule that can 
decompose. It has been suggested, 
however, that if a neutral additive can 
first capture the electron, it can in turn 
neutralize the positive ion with less 
chance of molecular decomposition (2). 


states, 


Complex Structures 


An additive can also protect a com- 
pound by forming a molecular complex 
with it, as shown in Fig. 3. The new 
structure transfer and 
charge better and be less susceptible to 
attack by other 
composition products. Protection can 


may energy 


radicals and de- 
also result from formation of complexes 
across particularly sensitive bonds in 
the original compound. 

Several examples definitely suggest 
this kind of protection. 
of polyisobutylene is reduced almost 
50% 


styrene (26); the enzyme deoxyribo- 


Degradation 
by copolymerization with 20% 


nuclease is protected by the presence of 
its substrate, deoxyribonucleic acid 
(27); and the radiation resistance of the 
porphyrin ring is increased by complex- 
ing with vanadium and other metals 
(28). Complexing the enzyme tyro- 
sinase with substrates 
improves its resistance to free-radical 
attack in aqueous solution (29). 


BIOLOGICAL PROTECTION 


The prime goal of most research with 
chemical protective agents is to de- 
crease effects of ionizing radiation on 
living systems, particularly man (see 
box, page 76). Most investigations 
are concerned with protection of 
laboratory animals, usually mammals, 
from death caused by an acute 
total-body irradiation. Other biologi- 
cal organisms and methods of irradia- 
tion also provide valuable information. 
Extrapolation of the results to man is 
still a critical and uncertain step. 

A useful protective agent in living 
systems must criteria, 
One of the most important is that it be 
nontoxic at protective concentrations. 
It should also (a) be easily introduced, 
(b) become widely distributed and (c) 
remain intact for a long time before 
irradiation. 

Research. 


one of its 


meet several 


Some idea of the extent 





of research with chemical protective 
agents on living systems can be had 
Table 1.* The table groups 
chemically compounds tried 
recently and represented as having a 


Irom 
similar 


protective effect in the references cited. 


Earlier references are compiled else- 


where (30). Although extensive, this 
table is undoubtedly incomplete and 
contains compounds considered non- 
Dis- 
agreement easily arises not only from 
differences in strain of 
studied from 
unsuspected critical influences in their 
treatment and irradiation. 

Protective ability of compounds has 


protective by some investigators. 


species and 


organisms but also 


been measured in various ways. Sur- 
vival protection is often expressed as 
the percentage of animals treated with 
a subtoxic amount of the compound 
which are alive 30 days after absorbing 
the minimum radiation dose required 
to kill all 


treated group 


members of a similar, un- 
Good protective agents 
can be further compared by determin- 
ing the minimum amount of compound 
required for 100% survival in such a 
test or the 
LD 


of the 


maximum increase in the 
lethal to 50% 
achieved 


radiation dose 
animals within 30 days) 


by using the compound. 


Significant Agents 


Despite differences in evaluation, a 
number of compounds stand out either 
I they 


because exhibit a 
effect or be 


pronounced 
ause they suggest interest- 


ing protective mechanisms. Cysteine 
was one of the first compounds reported 

The 
NH) 


have been the 


to protect living systems (31) 
thiol SH 


groups in this molecul 


and amine 


focus of much interest, and 


many 
other compounds containing both these 


groups have been examined. Among 


these, 


83), 2-mercaptoethylguanidine (34) and 


ysteamine and cystamine (32, 


3-mercaptopropylguanidine (34) have 
The 


normally 


been examined most intensively. 


last two compounds are 
the 
aminoalkylisothiuronium salts (abbre- 


viated AET and APT, respectively), 


administered as corresponding 


which rapidly undergo molecular re- 
arrangement to the guanidine forms at 


the pu of the bod. ; 


* The 
duc £ d 


NUCLEONICS 


much re- 
original table. 
happy to make the 
~150 entries and corre- 


I iblished 
from the 


version 18 
author's 
will be 
original table with 
sponding references available to specialists 
who write for it 
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TABLE 1—Protective Agents in Living Systems 





Group 
Inorganic 
Gases 
Salts 
Organic 


49, 89-95 





References 


37, 44, 938, 96-102 


Acids 34, 37, 41, 51, 52, 99-101, 108-115 
/ 


Alcohols 34, 37, 38, 99, 105, 116, 119 


Amides and amidines 
Amines 

Carbamates 37, 
Carbohydrates 37, 38, 135, 136 
Disulfides 
Ethers 
Guanidines 
Heterocyclics 
Hydroquinones 
Isothiuroniums 
Ketones 116, 146 
Nitriles 37, 116, 117 
Phenols 37, 
Proteins 148, 149 
Steroids 150 
Thiols 


38, 131 


4, 38, 42, 


132, 137, 138 
151-153 

154 

108, 127, 155 


Tissue extracts 
Tropolones 
Ureas 


34, 37, 38, 41, 5 
105, 107, 117 


, 55, 127, 187, 
, 110, 126-128, 139-144 


105, 119, 139, 


34, 37, 38, 41, 50- 


-52, GO, 99, 101, 103-112, 114-130 
, 121, 132-134 


34, 37, 88, 41, 108, 121-123 


138 


47, 103, 116, 127, 145, 146 


52, 65, 103, 105, 116, 120, 121, 123-127, 





The of these and other 
compounds required to protect mice 
are shown in Table 2. Although the 
LDs0o;30 for mice protected with cystea- 
mine was increased by a factor of 2 
($2), this compound increased the 
radiation resistance of the bacteria 
E. coli B/n by a factor of 12 (35). 
Similarly, AET increased -the LDs50;30 
for mice by a factor of 2 (35), but this 
factor was increased to 3 by coupling 
the treatment with bone-marrow and 


amounts 


streptomycin therapy (36). 

Mode of action. Essentially three 
mechanisms for the protective action 
of these compounds have been con- 
sidered. They are (1) scavenging of 


free radicals (37, 38), (2) lowering of 


oxygen tension in tissue (39, 40) and 
(3) formation of complexes with sulfur- 
proteins by means of 
—S—S— bonds (41). Unfortunately, 
these difficult to dis- 
tinguish in living organisms. 

Another significant group of protec- 
tive agents includes inorganic gases 
such as xenon, krypton and carbon 
monoxide as well as pharmacologically 
active compounds such as histamine, 
5-hydroxytryptamine, nitrite, hydro- 
sulfite and cyanide. These are similar 
in their ability to lower oxygen tension 
of living tissue (42, 43). Sodium 
hydrosulfite increases radiation resist- 
ance of the bacteria FE. coli by a factor 
The small amount of 


containing 


processes are 


of 5 (44). 





TABLE 2—-Protective Agents and Mouse Survival 


Substance 
Cysteamine 
Cystamine 
2-Mercaptoethylguanidine (AET) 
3-Mercaptopropylguanidine (APT 
5-Hydroxytryptamine 
Sodium diethyldithiocarbamate 





Amount (10~* mole/ 
kg of body wt)* 


Reference 





37 
37 
34 
84 
143 
87 


oon ew 
wo 


to 


* The amount that produces essentially 100% survival in groups of mice 30 days after 
absorbing the minimum radiation dose required to kill all untreated animals, 
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HAN - CH2- CH- 5 


_H)N- CH2- CHp- SH 


$,2-aminoethylisothiuronium 
bromide (AET) 


Cysteamine 


m-Tyramine 


Histamine 


5-Hydroxytryptamine 


Cystamine 


Cysteine 








| COOH 


FIG. 4. 


pounds that offer protection to irradiated mice. 


substituted ethylamine groups 


5-hydroxytryptamine required to pro- 
tect mice is Table 2. A 
related phenomenon appears to be 
increased survival of animals given a 
preirradiation injection of nembutal or 
barbamil since oxygen consumption is 
decreased during deep narcosis (44). 
Compounds famous for their chelat- 
ing ability (such as_ ethylenedia- 
minetetraacetate and diethyldithio- 
carbamate salts) have also been found 
effective in protecting mammals from 
radiation-induced death (37). Again, 
it is difficult to determine whether 
complex formation is important. 


shown in 


Structural Requirements 


Early inspections of structures that 
exhibit protective ability in biological 
systems revealed several generalities. 
A common feature is an unshared pair 
of electrons (37). This is interpreted 
as allowing the molecule to react 
rapidly with perhydroxyl radicals 
(HO.). Some of the best protective 
molecules for mammals contain the 
thiol group (—SH); yet a large number 
of other molecular structures contain- 
ing this group are ineffective. 

A more systematic approach has 
been to test series of compounds with 
related structures. It has been pointed 


RELATED CHEMICAL STRUCTURES OFTEN PROTECT. 


Here are several com- 
All are similar in their inclusion of beta- 


out that 
groups are 


beta-substituted ethylamine 
common to a number of 
good protective agents in mice (37, 44). 
4 shows several compounds with 
Compounds like 


R, 


Figure 
this grouping. 


HS—(CH.).— 
R, 
offer biological protection if z does not 
exceed 3 and Rz. are alkyl 
substituents (46). It been 
protective 


and R; 
has also 
suggested that action of 
aminoalkylisothiuronium salts depends 
on their ability to rearrange into 
the corresponding mercaptoalkylguani- 
dines in which a thiol group is exposed. 
Compounds containing two or three 
methylene groups can do this readily, 
but both the ability to rearrange and 
the protective ability decrease in other 
35). It 

cently, ecules that certain 
stituted alkylisothiuronium salts that 
cannot rearrange are also good protec- 


homologues was shown re- 


unsub- 


tive agents in mice (47). 

Examination of series of compounds 
is often hampered by chemical toxicity 
of certain and the delay 
necessary in obtaining observable ef- 
fects after irradiation. For these 


members 


reasons many experimenters replace 
living systems with inanimate chemical 
model systems in which effects are 
relatively easy to detect and interpret 
(21-23). among 
tems is always uncertain; 
two 
correspondence 


between the abilities of compounds to 


Extrapolation sys- 
in at least 
remarkable 


cases, however, a 


has been obtained 
protect model systems in vitro and their 
abilities to prevent death (37, 41). 
It should not be forgotten 
chemical structure additive 
determines its ability to reach the 
potential site of damage. Protection 
may require penetration of compounds 
into the smallest subdivisions of the 
cell. For example, the optical isomers 
p- and L-S,2-aminobutylisothiuronium 
bromides differ by a factor of 3 in 
preventing death of irradiated mice; 
this has correlated with their 
ability to reach certain cellular con- 
stituents (48). The effect of the rare 
gases in protecting bean roots by dis- 


that 


of an also 


been 


placement of oxygen has been corre- 
lated with their ability 
lipids. In the 
are concentrated a 


cell (49). 


to dissolve in 
living organism lipids 
t specific sites in the 


Extent of Protection 


Known protective agents appear 


in their inhibition of radia- 
body. The 


selective 
tion-induced effects in the 
mercaptoalkylguanidines increase the 
of animals, prevent 


mean longevity 


leukemia and 
they do not 


loss of fur 


induction of 
death; 


nephrosclerosis, 


pre tect 
against prevent 
color or 
Cyste- 
death 
but 
does not protect against genetic damage 


cataract formation (34, 34). 


amine protects animals from 


following an acute radiation dose 
or sterility (32). 

agents 
only if during 
It has been demonstrated, 
that 


In most 
are effective 
irradiation. 


systems, protective 


present 
for example, cysteamine is inef- 
fective in protecting mice 
tion-induced death 
20 sec after 
Treatment of human 
after X-ray 
therapy was found to alleviate symp- 
toms of radiation sickness (50), but 
this action was considered restorative 
rather than protective. 

Recently it has been observed, how- 
ever, that if the metabolic rate is low, 
protection can still be achieved shortly 
after irradiation. Hibernating dor- 
mice and cooled bull spermatozoa were 
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from radia- 
even if given as 


soon as a 25-sec radiation 
exposure (32). 


patients with cysteamine 





irradiated and kept for several weeks 
without evidence of radiation damage 
until warmed to room temperature (51). 
In addition, this damage was prevented 
addition of 
either system immediately before warm- 


entirely by cysteine to 


ing, Similarly, inhibition of cell divi- 


sion in irradiated dry bean seeds 
allowed to sprout in a nutrient solution 
addition of either 
cysteine or cysteamine to this solu- 
tion (52). The protective effect de- 


creased rapidly with time, becoming nil 


was prevented by 


after 2 hr. Observations of this type 
strongly suggest that some long-lived 
intermediates produced by radiation 
can be intercepted before they can 
continue the reaction chains in a living 
system. Studies in vitro have shown 
that 


acids and other biologically important 


free radicals formed from amino 


compounds during irradiation can be 
maintained for several weeks if they 
collide other 


molecules 58 J 


rapidly with 
Despite 


alities for after-irradiation protection 


cannot 
the potenti- 
however, there is no agreement about 


this effect in living systems (54). 


INDUSTRIAL USES 


tesearch on chemical agents to pro- 


tect industrial materials or increase 
radiation effects in them has lagged be- 
hind research on biological protection. 

Some of the most active industrial 
investigations of chemical protection 
lubricants for nuclear- 


have been on 


powered equipment. The lubricating 
quality of mineral oils is protected by 
admixing aromatic compounds such as 
l-methylnaphthalene (62) or phenyl- 
a-naphthylamine (63). Synthetic oils 
are protected by adding antioxidants 
The beneficial 
effect is not simply removal of dissolved 


and other compounds. 
oxygen. Some conventional oxidation 
inhibitors actually accelerate radiation 
damage, while free-radical scavengers, 
not particularly known for their anti- 
oxidant activity, are protective (62). 
Chemical incorporation of aromatic 
ring systems into oil is another way of 
protecting its properties; this avoids 
volatility problems. Alkyl-aromatic 
oils combine the high viscosity of alkyl 
the 
aromatic 


energy-dissipative 
properties of rings (62). 
Polypheny] ethers form another radia- 


chains with 


tion-resistant class of oils that have the 


protective effect of aromatic rings 
64, 65). 

Soaps, conventionally used in the 
particularly 


gelation of are 
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greases, 


susceptible to radiation. Aromatic 
compounds such as the terephthala- 
mates (66) provide radiation-resistant 
gelling agents, and greases based on the 
Indanthrene dyestuffs (67) are also 
useful in a radiation field. 
Improvement in the properties of 
fluids such as reactor coolants should 
also be possible with chemical protec- 
tive agents. As an example, the radi- 
ation resistance of m-terphenyl was 
increased 30% by the addition of only 
% p-terphenyl (68). 


Elastomers and Plastics 


Many additives protect rubber dur- 
ing irradiation. While many of the 
usual antioxidants offer protection, the 
order of effectiveness is not closely 
related to antioxidant activity in 
rubber in the absence of radiation (69). 
Again mechanisms other than oxygen 
scavenging are suggested. Compounds 
at molar concentrations equivalent to 
2% hydroquinone were found to 
inhibit up to 75% of the radiation 
crosslinking of rubber (70). In this 
case, protection was correlated with 
ability to scavenge free radicals. 

A variety of compounds noted for 
radical scavenging inhibit radiation- 
induced crosslinking of polyethylene 
(71) and polystyrene (72), and cross- 
linking of butadiene is prevented by 
copolymerization with styrene (73). 
Inhibition of chain scission by chemical 
additives is important in industrial as 
well as biological applications (18, 22, 
26). 

Radionuclide labeling of the additive 
can be valuable for determining its 
action. For example, the apparent 
decrease in main-chain 
polymethylmethacrylate in the pres- 
ence of naphthalene might be owing to 
either the protective effect of naphtha- 
lene or its use as a restorative link be- 
tween broken chains. The absence of 
radioactivity in the irradiated main 
chains when C'*-labeled naphthalene 
is used eliminates the possibility that 
the action is restorative (74). 


Glass 


Glass darkening has been ascribed to 
two processes: oxidation of cationic 
impurities and ejection of electrons into 
defect holes in the glass structure (74). 
Both processes increase light absorp- 
tion. It has been known for some time 
that addition of ceric oxide to glass 
minimizes darkening during exposure 
to ultraviolet (76), and the same 


scissions of 


technique has been used to protect the 
transparency of irradiated glass. Pre- 
sumably the protective mechanism is 
scavenging of ejected electrons by 
ceric ions, which are reduced to color- 


less cerous ions (77). 


Sterilization 


Chemical protection would also be 
profitable in sterilization of food and 
medicinal products. Various additives 
have been used to modify undesirable 
effects resulting from protein decom- 
position in meat (78, 79). Addition 
of acetic acid or tomato products 
proves especially beneficial in protect- 
ing beef from off-odor and -flavor 
development (80). Decomposition of 
fat in irradiated meat is inhibited by 
addition of citric acid or deposition of 
various phenolic compounds (8/7). 

Interesting examples of protective 
action are also observable in radiation 
effects on food color (82). The red 
pigment astaxanthin in shrimp is 
bound to a protein and is more resistant 
to bleaching than the same compound 
in salmon, in which it is dissolved in 
unsaturated lipid. In strawberries 
bleaching of the anthrocyanin pigment 
is prevented by adding ascorbic acid. 

Protective agents may also prove 
valuable in radiation sterilization of 
textiles. Wool, sterilized by radiation 
after treatment with fluorinated di- 
nitrobenzenes or quinone, deteriorated 
much than untreated material 
(83, 84). 


less 


lon-Exchange Resins 


Chemical protection of ion-exchange 
resins would be of considerable value 
during separation of radioisotopes at 
concentrations that result in radiation 
damage to the resin. Substituents on 
the polymer chain may be found to 
serve this purpose the resin 
structure apart from the ion-exchange 
sites appears quite important. 

One sulfonated polystyrene resin 
loses 15-35% of its exchange capacity 
per watt-hour of gamma radiation, 
while a sulfonated phenol formaldehyde 
resin loses only 1% (85). Protective 
agents such as AET, a-chloralose and 
cysteine added to solutions in contact 
with sulfonated phenol formaldehyde 
resins prevent an increase in the acidity 
index of the resin (86). It appears that 
hydroxy! radicals modify the properties 
of the resin by substitution and that 
the protective agents act as radical 
scavengers. (Continued on page 130) 


since 





APPLIED 
RADIATION 
CASE HISTORY 
NO. 4 


Tracer Follows 


Normal electrodeposition accentuates roughness by putting 


more metal on peaks than in valleys. 


A tracer shows how 


some additives reverse the effect to make smooth deposits 


By SEWARD E. BEACOM and BERNARD J. RILEY 


General Motors Research Laboratories, Warren, Michigan 


IN ELECTROPLATING one usually wants to produce a smooth 
and shiny surface. This requires a reversal of some of 
nature's laws; normal electrodeposition accentuates rough- 
ness by putting more of the plating onto the peaks than into 
the valleys of a plated surface. Current density is greatest 
at the peaks because electric field strength is greatest there 
Making a smooth and shiny surface requires that more metal 
go into the valleys than onto the peaks, the opposite of the 
normal effect. Addition of certain organic compounds to a 
plating bath produces this leveling (1). Our problem is to 
discover why. 


FIG. 1. PLATING BATH, BRASS CATHODE AND FOIL used to 
show that certain organic agents are deposited preferentially on 
peaks, diverting metal into valleys to produce level plating 
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To find the answer we have labeled one leveling agent, 
sodium allyl sulfonate (2), with S** (167-kev betas, 87-day 
half-life). With this in the plating bath we have deposited 
nickel foils on especially made brass cathodes. Radioauto- 
graphs and counting data from the nickel foils show that 
molecules of the addition agent (or their reduction products 
are preferentially deposited on the peaks. This offers con- 
firmation of a theory that partially accounts for leveling. 


Leveling Action 


Why do certain organic compounds reverse the expected 
deposition of more metal on large-current-density areas? 
Some theories assume that the agent is preferentially ad- 
sorbed onto the high points of an irregular surface where it 
acts as an insulator (2-6). This inhibits deposition of metal 
and diverts current to recessed areas. Confirmation of the 
theory requires a technique to show the location of addition 
agents in leveled deposits. 

Our study has two purposes: (a) to determine whether an 
organic leveling agent is indeed preferentially adsorbed (or 
b) to develop radiotracer tech- 
The system 


codeposited) on peaks and 
niques for finding the agent in the deposit. 
chosen for study, sodium allyl sulfonate and N-allyl quin- 
aldinium bromide, has been shown to produce bright and 
level deposits (7). We put these organic addition agents 
into a Watts-type nickel bath, produced electrodeposits and 
studied them with counting and radioautography. 


Tracer Synthesis 


Labeled sodium allyl sulfonate was synthesized by the 
reaction between allyl bromide and S*-labeled sodium sul- 
hite. 
tration of 3 mg (20 ue) per milliliter. 


The final product was dissolved in water to a concen- 
This specific activity, 
determined by proportional counting, shows a recovery of 
~95% of the original activity. Chemical composition of 
the product was verified by infrared analysis (8, 9) 


Plating Procedure 


To prepare the plating solution we added 1 ml of the 
radioactive sodium allyl sulfonate solution and 150-200 mg 
of inert compound to 100 ml of nickel stock solution. In 
some experiments, a second organic agent, N-allyl quinaldi- 
nium bromide, was added (0.2—0.6 mg per 100 ml of solution). 
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Leveler in Electroplating Bath 


Plating took 100 min at 58°-60° C and current densities of 
20-40 amp /ft?. 

Since we wanted a surface consisting of peaks and recesses, 
we prepared grooved cathodes from brass blocks measuring 
14 X 2.5 Grooves 0.08 em deep with included 
angles of 90 deg were cut into one face of each block parallel 
to the each block had 13 peaks and 12 recesses. 
So that we could remove foils of the plated metal, we first 
plated the brass cathodes with a thin deposit of nickel from 


0.32 cm. 


long edge; 


a sulfamate bath and then passivated the surface by 1-min 
Fig- 
ure 1 shows the plating cell, a grooved brass cathode and one 
of the foils 

At the 
from the 


immersion in a 0.5% potassium dichromate solution. 


conclusion of plating, the cathode was withdrawn 
cell and rinsed with distilled water; then a scalpel 
foil from the cathode block. We 
scrubbed the foil on both top and bottom to remove any 


was used to remove the 
adhering material, rinsed it with water and alcohol and then 
dried it under an infrared lamp for counting and radioautog- 
raphy. We 
foils 


made 65 plating experiments and 55 nickel 


Counting 


athodes and foils removed from them 
This pro- 
vided a gross count of the activity on top and bottom of each 
foil but gave 
tivity. The 
exposures 
For quantitative 

counting shield that 


Counting of plated 
was carried out in a proportional flow counter. 
no information about distribution of the ac- 
data were useful in computing radiographic 


distribution data we made a slotted lead 

enabled counting only the activity at a 
peak or that in a valley. A 0.01-cm-thick piece of lead foil 
was corrugated to duplicate the surface of the nickel foils by 
the grooves of one of the cathodes. In the 
cut a single slit 0.005 em wide and 


pressing it into 
center of one peak we 
2.5 em long 

All peaks on a foil were counted individually; by inverting 
the lead foil we could fit the slit into a valley and count each 


valley individually. Continuing in this way we made a pro- 


file of the peak and valley counts for both sides of a foii. 
We use ‘ to represent that portion of a foil opposite a 
peak of the cathode, even though that portion looks like a 
looks at the bottom of a foil.) Figure 2 


ounting shield fits over a foil. 


pe ak”’ 

valley when one 

shows how the 
tesults of this counting method are shown in the table. 


The size of the foil from which these data were obtained was 


~3 t em, and the foil showed a gross count on each side 
These results show that more activity is 


deposited on the peaks than in the recesses. 


of ~10,000 epm. 


Radioautography 

Our primary source of information on distribution of 
radioactivity over a foil is radioautography. Since S** emits 
only a very weak beta particle, we thought at first that it was 
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Lead counting shield | Counting sit 


: 


Grooved brass cathode 











FIG. 2. CATHODE, FOIL AND SHIELD. Grooved brass cathodes 
were plated with nickel. Passivated surface permitted stripping 
foil. Counting shield had groove that limited betas activating 
counter to those from one peak or one valley 





Lead-Slit Counting Rates* 


Foil A—Topt 





Foil B—Top 





Recess 


Re CE88 


94 


-) 


53 

63 

80 177 
163 163 
212 94 

65 147 

64 43 

55 59 

57 58 


Foil A—Bottom Foil B—Bottom 


Obverse of 


recess 


Obverse of Obverse of Obverse of 


recess pe ak 


peak 
248 
198 
152 
120 
207 
254 
227 
150 
146 
181 


242 


145 58 
133 77 
134 84 
154 65 
135 100 
190 128 
212 126 
176 101 
163 2 
144 80 
102 


143 
103 
133 
112 
102 
113 
163 
146 
129 
158 
129 

* Counting was left to right on the top of the foil and right to left 
on the bottom, so that the values in the columns are matched. 


+ ‘‘Top” refers to the side next to the solution during plating, 
“‘bottom” to the side next to the cathode. 
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(Bottom) 


FIG. 3. RADIOAUTOGRAPHS and 
density traces from them show how 
leveling occurs. Organic deposits 
on peaks (dark), and unevenness 
becomes progressively less from bot- 
tom to top as leveling action 
proceeds. Explanation is that or- 
ganic serves as insulator and diverts 
plating current into valleys 








10 20 30 40 50 60 70 80 
Distance From the Marking PIP (MM) 


necessary to have the foil in direct contact with the film. 
Therefore most of the foils were mechanically flattened, 
placed between two pieces of film and weighted to ensure 
good contact. (Later tests with a foil before and after 
flattening show that flattening produces no advantages for 
either radioautography or counting.) 

To ensure that everything on the final radioautograph was 
caused by radioactivity and not side effects, we exposed foils 
containing no radioactivity under identical conditions 
These tests showed no side effects caused by chemistry or 
pressure. Several types of film were used; radioautographs 
shown here were made on Eastman Kodak Type AA film. 


Data 


Figure 3 is a set of representative radioautographs of top 
and bottom surfaces. These reproductions are positives, 
identical with the original radioautographs. Darker areas 
indicate regions that contain more radioactivity. 
must make an intermediate negative to achieve this repro- 
duction, some detail has been sacrificed. Notches and holes 
in the foils visible in the radioautographs were cut to identify 
peak areas. This system of notching not only enables 
identification of the individual foils but also precisely locates 
peaks and valleys. 

Readings of the radioautographs have been made with a 
Leeds and Northrup Linear Recording Densitometer and a 
General Motors Research Laboratories light 
scanning device. Results are recorded below each of the 

adioautographs of Fig. 3. A slit width of 0.127 mm was 
used; slits narrower than this did not contribute to detail but 
led to increased instrumental fluctuations. 
system records a marking pip at each 0.5 mm, it is possible 
by placing a mark near the edge of the radioautograph, to 
measure distances from the edge accurately. Before use the 


Since we 


source and 


3ecause this 


instrument was calibrated with a standard step wedge. 
Thus recorded densities are actual densities from exposure to 
radioactivity. 
kept constant. 
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All possible variables in film processing are 


Results 


Radioautographs like those of Fig. 3, density traces made 
from them and slit counting data like the table all show that 
there is greater deposit of radioactivity at the 
Two effects contribute 


cathode peaks 
than in the valleys. to the data 
(sodium ally! sulfonate or a 
) at the 


the valleys; second, there is more metal in the valleys to ab- 


first, there is more radioactivity 
reduction product containing 8 peaks and less in 
sorb the soft S** beta particles than on the peaks. 

The data alsq show that there is greater smearing of ac- 
tivity on the tops of the foils than on the bottoms. We 
interpret this smearing as showing that plating produces 
leveling, and as leveling proceeds, the difference between 
peak and valley plating rates becomes smaller 

To initiate leveling, the addition agent first must be con- 
centrated preferentially on the peaks. Our data as well as 
those recorded in the literature confirm this assumption 
The mechanism of this concentrating action has not yet been 
demonstrated satisfactorily. There is some evidence that 
the sulfide ion, a reduction product of sodium ally! sulfonate, 
In the 


present work no attempt was made to distinguish between 


is present in the electrodeposited nickel (7, 10). 


the possible presence of the sulfonate or the sulfide. 
A tracer problem for the future is to find out how the 


1 


‘5 is preferentially deposited on the peaks. 


* * * 


The authors are grateful for the assistance provided by several mem- 
s of the General Motors Research Laboratories 


valytical and photographic procedures. 


staff who carried out 
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SCINTILLATORS AND SEMICONDUCTORS 


Continuing a tradition that now extends over more than a decade, members of 
the scintillation-counter fraternity gathered in Washington on February 25 and 
26 for the Seventh Scintillation Counter Symposium. Continuing its own 
tradition of reporting the highlights of these symposia, NUCLEONICs here presents 
a 16-page report on the present status of the field. The title—Scintillators and 

niconductors—reflects the fact that this is no longer a meeting given solely 

ices whose detecting action involves minute flashes of light. The 
\ing field of semiconductor-junction detectors needed a forum for discussion 
symposium management wisely provided it. It is clear that this will 
necessary at the next symposium, probably in 1962. 


It seems to us that scintillation counters have attained a certain maturity. 
{t least by comparison with semiconductor detectors (or the early days of 
scintillation counting itself) there is not the same rush of developments. This is 
not to say that there is not important progress: Scintillation track imaging, the 
subject of a complete session at the Symposium, has brought us to the point 
where rudimentary tracks of minimum-ionizing particles can be “‘seen.’’ Our 
derstanding of the scintillation process, particularly in organic materials, has 
en refined. No similar advance has obtained in the theory of inorganic 
ntillators, however—no one has solved the puzzle of why the resolution of Nal 
as light-pulser measurements would promise. The 
o make scintillators are doing better than the theorists and 
rs—glass scintillators and CsI scintillators are new themes at this 
While there were no big surprises in photomultipliers, the usual 
inufacturers’ accounts of latest refinements in their products; 
vas shown in high-temperature design and transmission-type 
We've tried to reflect that which seemed most important. 


Reprints of this report are available from our reprint department at 75¢ 
The complete proceedings will be published in the Transactions of the 
» on Nuclear Science of the IRE. 


NUCLEONICS Reports The Scintillation Counter Symposium 


Scintillation Theory 
New Scintillators 
Photomultiplier Development . 


Recording Particle Tracks 
with the Luminescent Chamber 


Semiconductor Detectors 
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SCINTILLATION THEORY 


How HIGH-ENERGY photons and _ par- 
ticles affect scintillators is now under- 
stood with remarkable precision. Sev- 
eral papers at the Scintillation Counter 
Symposium offered detailed explana- 
tions of the complex processes that 
occur between the entrance of a particle 
into a detector and the release of the 
last electron from the photomultiplier 
cathode some 10 ywsec later. For 
scintillating crystals one can derive a 
theoretical curve for pulse height as a 
function of particle energy and achieve 
an impressive fit to available experi- 
mental points. For organics one can 
have convincing, but not entirely 
unique, explanations of the fast and 
slow pulse components that are useful 
for particle identification. 


Crystal Scintillation 


Computations by A. Meyer and 
R. B. Murray of Oak Ridge derive 
responses of activated alkali-halide 
crystals with accurate enough detail 
to offer impressive confirmation of the 
assumed model (1). According to the 
scintillation consists of (a) 
slowing of a charged particle by forma- 


model a 


tion of hole-electron pairs, (b) recom- 
bination of pairs into excitons, (c) dif- 
fusion of the excitons to activator sites 
and excitation of activators, (d) radia- 
tive decay of excited activators. Com- 
putations based on these assumptions 
derive the theoretical curve of Fig. 1. 
The figure shows scintillation effi- 
ciency of cesium iodide as a function of 
stopping power, dE/dx. (Scintillation 
efficiency is defined as dL/dE, the ratio 
of differential light output to differ- 
ential energy loss. In other words it is 
the slope of a curve that shows light 
output as a function of total energy 
loss.) Meyer and Murray have nor- 
malized data of several investigators 
for electrons, protons, alpha particles, 
heavy ions and fission fragments to 
show how efficiency is greatest for 
protons and less for both lighter and 
heavier particles. Their computations 
show why these things are true. 
Equations that lead to the curve 
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Today's models of the scintillation process accurately explain 
small efficiency, crystal response as a function of stopping 
power, slow and fast components of pulses from organics 
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ized data from several measurements. 


SCINTILLATION THEORY PREDICTS EFFICIENCY in good agreement with normal- 
Model assumes creation of hole-electron pairs, 


recombination into “excitons” and migration to solute sites 


describe formation of hole-electron 


pairs, formation of excitons by recom- 
excitons and 


bination, diffusion of 


exhaustion of unexcited available) 


activator sites as follows: 


ne = K —dkE dz) 


an.’ 
1+ an 
an 
— = DYV?n — ni 
ot 
ON, ; 
— = —noN o, 
ot 


Vio: + Nwo,) 


(n. = linear density of hole-electron 
pairs; K = empirical constant deter- 
mined by best fit; nm = volume density 
value of n; 
a = recombination D = 
diffusion constant; v = exciton veloc- 
ity; NV, = density of lattice sites; 0, = 
cross section for exciton capture at a 
lattice site; N., 0, = density and cross 
section of activator sites.) 

The last equation deals with the situ- 
ation in which vn is large and N, small 
so that saturation occurs and most or 
all activator sites have accepted exci- 
In con- 


of excitons; no = initial 


parameter; 


tons and cannot accept more. 


trast the number of lattice sites \, 
(which includes all trapping mechan- 
isms) is so large as to be considered 
constant. 

Treatment of the equations consists 
in solving for no, considering it subse- 
as a delta function in space, 
initial value of N, (0.1 
and then solving in cylindrical 
symmetry. The the 


of Fig. 1, which rises at small energies 


quently 
assuming an 
mole %) 
result is curve 
because mo is proportional to n.?, 


reaches a“ maximum 425 Tle increases 
and no becomes proportional to Ne, and 
then turns downward at still greater 
energies as activator sites become 
saturated. 

Meyer and Murray have used their 
curve to predict pulse heights as 
functions of energy for different par- 
ticles and get results (subject to one 
normalization) in good agreement with 
Their normalization 


length for the 


experiment. 
makes the diffusion 
excitons ~30 A. 


Organic Scintillation 


Students of scintillations in organics 
have come to an understanding of both 
sizes and shapes of scintillation pulses. 
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Their theories differ in a few details and 
But they 
as to what 


offer areas for future study. 


are mainiyv in agreement 
goes on in time and space. Summaries 
present theories were presented at 
by both J. B. Birks (2) 
of the University of Manchester and 
Warren L. Buck (3 Argonne. 
Theorists must explain (a) the rela- 
he conversion of 
light as compared 
d fluorescence, (b) 
the scintillation 
me of ~10~ sec, 
on with a decay 
Inefficiency can 
large-energy 
de- 
er non-light- 
rgv flow Fast 


come trom 


molecular 


solvent and 
to the ground 
Miucing transi- 
its probably 
formed mainly 
ind decaving 
mn transitions 


also been 


Migration theories 


xplain pulse shapes. 

lly there is 
ores ence along 
it this is followed 
es away trom 
recombination 
These theories 


iv times remain 


inges the manner 


Buck 
reement as to their 
the 


papers were 
substantially in ag 
preferred eories of 


Initially a 


scintillatol 


process, 
particle that is stopped in a 
half of 


which in- 


contributes about 


its energ to excitation, 
energies without dis- 
and the other half 


to ionizations, which disrupt molecules 


creases electron 


rupting molecules 
electrons and fracturing 
the 
concentration, most of this stopping 


by removing 


bonds Since solute is in small 


energy initially to solvent mole- 


oes 
cules but then goes rapidly to solute 
molecules. 

Energy flow in the early stages of a 


scintillation (~107!* sec) is shown in 
an adaptation of one of Birks’s 


produces 


Fig. 2 


slides. JIonizing radiation 


free electrons and ionized molecules 


molecules 
(a) 
form as degraded radiation, (b) fall into 


(ionization) and _ excited 


(excitation). Free electrons per- 


electron traps to produce quenchers, 
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and (c) recombine with ionized mole- 
cules still capable of producing fluo- 
Ionized molecules combine 
with each other and free electrons. If 
the product of the combination is in a 
state 
angular momentum on molecular axis 
zero), it usually is lost to the fluo- 
rescence process; it eventually con- 


rescence. 


sigma (projection of electron 


tributes to the population of damaged 
molecules that serve as quenchers, and 
When 
the product is in a pi state (projection 
= 1) goes 
fluorescence. Statistics say that 25% 
of such combinations produce singlet 
states with the spins of the odd elec- 
trons antiparallel; 75% produce triplet 
states with spins parallel. These tri- 
plet states appear to be responsible for 
the slow component of the scintillation. 


its energy is degraded to heat. 


the energy usually into 


Excitation, too, can lead to sigma states 
if excitation energy is great enough. 
According to this view of the situa- 
tion, pulse-shape discrimination among 
different kinds of particles results from 
different 
between 


apportionments of 


energy 


ionization and _ excitation: 
protons produce one apportionment, 
alpha particles another, and so on. 
Other theories have their supporters, 
Buck’s 


One logical assumption is that 


however, as demonstrated in 
paper. 
all the light in a 
comes from directly excited molecules 


scintillation pulse 


and none from ionization. Computa- 
tion shows that the energies of light 
and excitation are about equal. 
Alternatively one can assume that 
only the light in the fast component 
excitation. The 
component, then, would result from the 


comes from slow 
recombinations of positive ions that 
lead to singlet states—one-fourth of all 
recombinations. If one assumes equal 
energies in ionization and excitation, 
the number of positive ions will be half 
the number of directly excited mole- 
fourth of this half will 


produce singlet excited molecules; so 


cules; one 
one eighth of all singlet excitation will 
come This is 
roughly equal to the fraction of the 
light finds in the 
ponents of his pulses (NU, Sept. °59, 
Recent observations of phos- 
that few 
seconds after high-energy irradiation 
for the triplet-state 
perhaps triplet 
taking this 
transfer energy to the solute. 


from recombination. 


Owen slow com- 


p. 92). 


phorescence lasts for a 


may account 


excitations; solvent 


molecules are long to 
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ENERGY-FLOW PATTERN IN SCINTILLATION may explain inefficiency (much 


energy goes to non-light-producing processes) and pulse-shape change with type of 
excitation (more or less of light goes into slow component) 
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NEW SCINTILLATORS 


THE BEST AVAILABLE scintillators are 
far from perfect. Much effort is 
going toward substitutes that will be 
more efficient, produce better resolu- 
tion, provide tailored responses and 
avoid deterioration. Symposium pa- 
pers described glasses, gases and cesium 
iodide crystals. 


Scintillator Glasses 


A bright future ahead 
for cerium-activated glass scintillators 
judging by the paper of Robert Ginther 
of the Naval Research Laboratory (1). 
For one thing they may solve two of the 
great problems that darken hopes for 
filamentary chambers: crazing of plastic 
filaments talk between 
adjacent ones. 

The main difficulty with scintillating 
glasses is poor efficiency. The best 
glass to date from NRL kitchens (a 
lithium-magnesium-aluminum silicate) 
produces pulses 14% as high as Nal- 
(Tl). This is nearly three times as 
good as what was available two years 
ago; the makers look for better yet. 

Low efficiency, they feel, comes from 
an unexplained equilibrium between 
ceric and cerous ions. The result is 
ceric absorption of the cerous emission 
that makes up the scintillation. The 
hope is to upset the equilibrium in 


may be 


and cross 


5" 
ié steel bolt ~~ 


Brass 
flange tips. 











Improved glasses have small but usable pulse heights and 


neutron responses. 
nuclides. 


Gases, too, can contain neutron-sensitive 
Cs! has advantages over Nal, but it is expensive 





TABLE 1—Compositions of Scintillating Glasses 


Composition (molar proportions 


MgO Al.O; 


Glass Na.O 


1.33 
1.33 


1.0 0.08 
0.625 1.125 
0.26 0.05 
0.06 0.05 
0.0375 


0.065 
0.165 
0.1825 


B.O; 


it 5 Pu s¢ height 
SiO. . ~ of Nal(T))} 


3.0 - 5.0 
.O : 7.0 


005 
0075 
10 
005 
005 
005 





Meanwhile it 
may be possible to bring about an 


favor of the cerous ion. 


improvement in energy transfer from 
base glass to emitting centers; scientists 
are convinced that the transfer occurs. 
Recipes that lead to useful glasses 
and the pulse heights that come from 
them are listed in Table 1. These are 
representative samples from many 
that 
have been compared in the effort to 
find useful glasses with efficient re- 
Lithium and boron contents 
make them sensitive to neutrons. 


combinations and permutations 


sponses. 


Glasses 1 and 2 are earlier NRL 


Weir Phototube 











Window 





(quartz 
or Pyrex) ——— 





Aluminum 











FIG. 1. 





GAS SCINTILLATION DETECTOR FOR NEUTRONS has good background rejection, 


short decay times, useful counting rates and good efficiency 


glasses, and 3 and 4 are NRL copies of 
Russian Voitovetskii 
et al., Atomnaya Energiya 6, 321, 1959). 
an effort to 
incorporate a maximum of boron and 
retain usable pulse height. Its CeO; 
pulse 


glasses (V. K. 


Glass 5 is the result of 


concentration is 
height. More than 65 mole % and less 
than 45 mole % of B.O; make unclear 
More than 25 mole % of 
Al.O; makes unclear glasses: too little 
makes clear but inefficient glasses. 


optimal ior 
glasses. 


Glass 6 is based on’a formula that 
Mg + Ca 
for clear glasses requires = 
Si 
1. Lithium, aluminum and cerium are 
substituted for calcium, which reduces 
pulse height, so that the formula be- 


Mg + Li+ Al + Ce nn 
comes - _ . l. This 
Si 

ratio can vary from 0.82 to ~1.2 in 
clear glasses with nearly constant pulse 


height. 


Gas Scintillators 


Neutron detectors with sharp thresh- 
olds, large sensitivities and large resolu- 
tions are growing out of the work of 
Charles Engelke at Columbia with 
gas their 
advantages gamma-back- 
ground rejection, larger counting rates 


scintillators (2). Among 


are good 
than from a long counter of the same 
gas requirements 
than those of low-pressure proportional 
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efficiency, smaller 





counters in measuring n,a@ and n,p 


nuclides and 
time-of-flight 


cross sections of rare 
short 
measurements 


Engelke’s 


tapered aluminum chamber, ~1.5 in. 


ce cay times for 


counter (Fig. 1) is a 


in diameter at the top, covered by a 
} 


glass window 


and coupled to a photo- 
multiplier. A wavelength shifter, usu- 
ally diphenyl stilbene, coats walls and 


window Xenon or argon goes in as a 


scintillator to pressures up to 75 
atmospheres and then a few per cent of 
nitrogen or neon to provide N"4 or Ne?® 
neutron resonances. 


Nitrogen the 
at large pressures by forming 


appears to poison 
counter 
four-atom molecules and shifting emis- 
into the Never- 


sion energy infrared. 


enough concen- 
make a threshold 


29.5% resolution for 


theless vith small 


trations one can 
detector with 
0.495-Mev ne 


and 100-psi 


utrons on 400-psi xenon 
nitrogen. 


Engelke 


ber with a helium-xenon 


For broader sensitivity 
fills the cham 
mixture to make a counter usable from 
0.1 to 50 Mev with efficiencies as great 


as 20% 


Csi(Tl) for Nal(TI) 


periments are showing that newly 


veloped CsI(T! 


crystals are in many 
ways better scintillation detectors than 
Nal(T] ording to Charles Schmidt 
of Harshaw ¢ 
CsI has greater stopping power than 
Nal, th 

from smaller and lighter detectors or a 
better with 


hemical Co. (3). Since 


user can get the same response 
crystals and 
Another 
that appeared in audience 


response 


shielding of the same size. 


advantage 
a smaller 


discussion of the paper is 


inclusion radioactive potassium. 


Present techniques permit manufac- 
the potassium inclusion 
the 


whi h is K* 


turers to reduce 
to 1-3 ppm 
(0.012% of 
level counting 
Nal crystal 
limit; in CsI 
reduce 


natural element 
For low- 
K* in a 
may set the background 


radioactive 


it should be possible to 
potassium content to zero. 
Disadvantages of CsI in comparison 
with its better-established rival are 
smaller light output, much slower light 
higher cost. The present 


decay and 


manufacturer (Harshaw Chemical Co.) 


indicated in reply to an audience 
question that CsI is now about three 
times as expensive as Nal but that this 
“may be open to negotiation.” 
Characteristics. 


5-in.-diameter, 


Harshaw has been 
testing a 3.5-in.-high 
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TABLE 2—Properties of Csl(Tl) and Nal(TI) 





Relative light output 
Wavelength, emitted light (A) 


Decay constant (usec) 

Relative linear attenuation coefficients: 
Pair production 
Compton 
Photoelectric 


* Measured with S-1l-response phototube and ~15-usec anode time constant. 


CsI(TI) Nal(Tl) 





0.40-0.45* 1 
4,200-5,700T Centered at 
4,100 A 


1.2 0.25 


+ Un- 


published data of Bonomomi and Rossel quoted by B. Hahn and J. Rossel in Helv. Phys. 


Acta 26 (1953). 





crystal coupled to a Du Mont 6363 
photomultiplier and is presently pro- 
ceeding with tests of a5 & 5-in. crystal. 
A comparison of CsI(Tl) and NalI(TI) 
characteristics is given in Table 2. 
Figure 2 shows Cs!*7 and Co® spectra 
with the smaller Harshaw 
crystal. Future tests may show con- 
siderable improvement from coupling 
the CsI crystal to more appropriate 
photomultipliers; there is reason to 
believe that the S-11 response used 
with Nal is not the best for CsI. 

The root of the advantages of CsI is 
large photofraction (fraction of re- 
corded events falling in the photopeak 
and thus representing total absorption 
in the crystal). Figure 2 is an 
ample: large photopeaks and small 
Compton continua produce unusual 


The 5 X 


measured 


eX- 


signal-to-background ratios. 


a ¢ @&@ 28 


Counting Rate (relative) 


+» 


20 40 60 80 100 


120 140 


3.5-in. CsI crystal has considerably 
better photofractions than a 5 X 4-in. 
Nal crystal, the ratio being 1.25 at 
2.76 Mev. 

Tests also show that CsI crystals 
offer linear response over a range at 
least as great as 0.08-7.13 Mev. 
Resolution from the 5 X 3.5-in. crystal 
has been compared with that of an 
8 X 8-in. NaI(Tl) crystal; the two are 
equal at 7 Mev and nearly equal down 
to energies of 0.5 Mev. The extrap- 
olated CsI resolution at _ infinite 
energy is 2.8%. 
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FIG. 2. Csi(Tl) CRYSTAL OFFERS LARGE PHOTOFRACTIONS in Co and Cs'*’ spectra. 
(Spectra have different energy and counting-rate scales) 
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PHOTOMULTIPLIER DEVELOPMENTS 


Special-purpose tubes are suitable for boreholes, space flight 


SyMPOSIUM PAPERS on the science and 
technology of photomultipliers show a 
~ broad frontal attack, mainly by com- 
mercial manufacturers, on problems 
that currently limit the usefulness of 
the tubes: dark currents, 
times, resolution, sharpness of pulses. 


noise, rise 


Special Phototubes 


While many users are shockmounting 
their photomultipliers and cooling them 
to reduce leakages and dark currents, 
well loggers are dropping them down 
high-temperature, small-diameter bore 
holes, and bomb testers are exposing 
them to momentary flashes of intense 
gamma radiation. Developments for 
these purposes have produced photo- 
multipliers capable of good signal-to- 
noise ratios at 150°-200° F and single- 
stage phototubes linear to 55 amp. 

For high temperatures Schlumberger 
Well Surveying Corp. has developed a 
series of tubes described at the sym- 
posium by J. P. Causse (1). By elimi- 
nating cesium the makers avoid elec- 


and intense radiation pulses. 


Developments are reducing noise, 


increasing speed and resolution, making responses more uniform 


trical leaks at the sacrifice of sensitivity 
and resolution. To regain sensitivity, 
they use special constructions that per- 
mit higher-than-usual interdynode 
potentials. 

Tube envelopes are made of alter- 
nating metal and hard-glass rings like 
the accelerating tubes of electron-beam 

Venetian- 
dynodes are 


generators (see 
blind 


mounted on the glass rings, and resis- 


cover). 


silver-magnesium 


tors of the potential divider are mounted 
This 
construction permits operation at over- 
all potential differences as great as 4,000 
volts. A 14-stage tube offers a multi- 
plication of 10’ at 4,000 volts, output 
sensitivity of 200 amp/lumen and a 


between adjacent pairs of them. 


signal-to-noise ratio at room tempera- 
ture ~100 times as good as those of 
conventional cesium-antimony photo- 
Without damage the tube 
will sustain 50-g, 1l-msec shocks and 
20-g vibrations at 3,000 eps. 
Combinations of the high-tempera- 
ture dynode structure and conventional 


multipliers. 





ae # 


<Ee 


Bete 
ae er deter 


of analysis. 
Wells (7) 





MULTIDIMENSIONAL DATA FROM YARDS OF MAGNETIC-TAPE show 
neutron resonances and their gamma energies. 
time-of-flight channels ('4-usec each), 63 energy channels (4 X 4-in. Nal 
counter), 100 hr of experiment time (instead of usual 4-6 months), and ~35 hr 
Harwell system was described by J. R. Bird, J. R. Waters, F. H. 


Accumulation required 255 








cathodes produce rugged low-noise 


photomultipliers. The makers achieve 
usable gains of 5 & 107 


and 2 X 108 with 1S. 


with 14 stages 


Testing Programs 


For better photomultiplier pertorm- 
ance all of the commercial manufac- 
turers are instituting experimental and 
production-line tests, described in 
papers by J. Sharpe (EMI), R. W. 
Engstrom, R. M. Matheson (RCA), 
Sydney Roth (DuMont), R. B. Linden, 
F. W. Schenkel and P. A. Snell (CBS) 
(3-6). Principal subjects of the tests 
are cathode 


uniformity, transit-time 


spread, signal-to-noise ratio, pulse- 
height resolution and pulse-height shift 
with counting rate. 

For DuMont 


similar 


transit-time spre ad 


compares Outputs trom two 
tubes pulsed by a split light beam from a 
mercury source (0.5-mysec rise). By 
moving a mirror one can excite different 
points on the cathode of the sample 
tube, and by changing path length for 
one of the beams, one can change the 
delay between the two. 

Noise, resolution. Production-line 
tests at EMI RCA use pulsed 


scintillators to measure signal-to-noise 


and 


ratio and pulse-height resolution. At 
EMI the goal is sensitiv 
tritium counting; candidate tubes are 


tubes for 


exposed to a tritium-loaded sealed liq- 
uid scintillator at room temperature 
15-20% of EMI 6097F’s 
give backgrounds of 5 cps or better 


Currently 


with a counting rate of 90 cps. 

RCA has developed a test for resolu- 
tion that will be standard procedure 
when one of its developmental tubes 
(C-7260) goes into production in a few 
Each tube is exposed to a 
Nal(TI) 
acceptable resolution has 
tentatively at 9%. 

Pulse-height shift. 


why 


months. 


Cs!47-excited crystal: worst 


been set 


CBS has 
concentrating on pulse heights 
shift with rate. Its 
engineers have made a double-ended 


been 


often counting 
tube, one end containing an electron 
gun with a beam focused into the multi- 
plier structure. They are surprised to 
find that for 25-uamp pulses and cath- 
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FIG. 1. FOR FAST RESPONSE this structure 
presents large first-dynode area for collec- 
tion from photocathode 


odes of silver magnesium, aluminum 
oxide and copper beryllium, the most 
stable tubes are those that have been 
aged (1 ma, 4-2 hr) after addition of 


cesium 


Phototube Improvements, 


Off-the-shelf photomultipliers from 
the shops of th 
include 


several commercial 


manufacturers many recent 


improvements; many more are on 
drawing boards and moving toward the 
Users can look for 


smaller transit-time dispersions, shorter 


workbenches (3-#). 


rise times, tubes with and without side- 
wall sensitivities (user’s choice), rug- 
geder internal structures, noise-free 
cathodes and low-radioactivity tubes. 

Transit and rise times. At least 
three manufacturers, CBS, RCA and 
EMI are developing special cathode 
and dynode structures to make sharp, 
The RCA C-7260 has a 
intended to meet the 
dilemma of presenting a maxiraum first- 


short pulses. 
structure (Fig. 1) 


dynode area to electrons from the cath- 
ode and also providing optimal acceler- 
ation of secondaries along the axis. 
Dynodes 2 and 3 are especially designed 
to turn the corner into the recurrent 
structure that follows. The new struc- 
ture shorter inter-dynode 
transit time and thus reduces transit- 


provides 


time dispersion. 

CBS also has a quick-rise, small-dis- 
tube has an 
l-my- 


persion structure. Its 
over-all 2—3-mysec rise and a 
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FIG. 2. COMPACT BENCH-TOP MONITOR (upper right) uses special photomultiplier with 
cathode on side walls as well as end window. 


Cathode area is five times as great as 


4-cm? end window and resulting monitor is only 2'5 in. deep 


sec rise in the multiplier itself. A 
special plano-concave face plate enables 
use of a curved cathode and special 
focusing electrode for good coupling to 
flat scintillators, uniform 
across the faceplate and small transit- 
time differences from various parts of 
the cathode. 

The EMI approach is similar. The 
initial energies of photoelectrons and 
the field at the cathode, says EMI, are 
mainly responsible for  transit-time 
differences. Thus a special, curved, 
low-interception grid operated at the 
first-dynode potential has been de- 
signed for insertion in EMI tubes. The 
designers look for an inherent rise time 
of 14 musec. The accelerating-grid 
design follows experimental work at 
Harwell showing that the 2.5-mysec 
rise in a special fast tube (EMI 9593) 
can be shortened to 
adjusting dynode potentials and in 
particular, providing an _ especially 
large potential rise from cathode to 
first dynode. 

Side walls and noise. 
purposes of a compact bench-top 
monitor EMI has made a 1}¢-in. 
photomultiplier with 20 cm? of photo- 
cathode (Fig. 2). The large photo- 
sensitive area comes from making it 
extend down the sides of the tube as 
well as across the face. 

Meanwhile CBS finds that when you 
are taking your signal from the face 
of the tube, any stray cesium that has 


response 


1.7 mysec by 


For the 


got onto the walls contributes many 
thermionic electrons to 
tube noise. CBS prevents any wall 
deposit by sliding a metal shield into 
before the two evaporation 
(antimony, then cesium). 
Afterward the shield slides back and 
locks in a position from which its 
thermionic electrons cannot get into 
the dynode structure. 

For further noise elimination CBS 
has a design intended to eliminate 
radioactive materials (mainly in glass) 
from the photomultiplier. The 
jected tube would have a sapphire 
faceplate, nickel-iron neck, stainless- 
steel body and and ceramic 
insulators for leads. A quartz face 
would be desirable, but no one yet 
knows how to seal it to metal. Ex- 
perimental sapphire-metal are 
already available. 
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Recording Particle Tracks with the Luminescent Chamber 


Time resolution of 10° sec, space resolution of 1 mm and image 
intensifier systems make today’s luminescent chambers 
suitable for recording tracks of minimum-ionizing particles 


By MARTIN L. PERL and LAWRENCE W. JONES, The University of Michigan, Ann Arbor, Michigan 


ee 


FIG. 1. COSMIC-RAY TRACKS taken in 
homogeneous Nal(Tl) chamber 2.5 in. deep 
and 3 in. in diameter. All tracks were at 
least 1.5 in. long in chamber. Top track 
is minirxum ionizing particle, probably yu 
meson; it is narrow because relatively 
small-aperture lens was used in viewing the 
chamber. Center track was taken with 
relatively large-aperture lens; therefore 
track is broad and very dark. That at 
bottom is probably a scattered track 
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WITHIN THE PAST DECADE, luminescent 
chambers have been developed rapidly 
as devices for recording the tracks of 
Their good time 
electronic 


high-energy particles. 
resolution and 
operation make them 


other track-recording devices for many 


and space 


preferable to 


applications. 

With suitable counting and image- 
intensifier-tube systems, a luminescent 
chamber can select particular particles 
or nuclear events from a dense back- 
ground and accumulate a large amount 
of statistics. Figure 1 tracks 
typical of those recorded by a lumi- 


shows 


nescent chamber. 
As early as 1913, 
scattering was studied by detecting 


alpha-particle 


fluorescent screen 


1952 


scintillations in a 
1). However, it 
that a luminescent 
available to make the first photographs 


2). 


was not until 
chamber was 
of heavily ionizing particle tracks | 
In 1956 photographs of less heavily 
ionizing particle tracks were made for 
the first 1958, the 
first minimum-ionizing particle tracks 


time (3), and in 
cosmic-ray Mu mesons) (4). 

This sudden, recent development in 
luminescent chambers was made pos- 
sible by the development of the image- 
intensifier tube. The 10° light amplifi- 
cation provided by the tube 
permits the light emitted by a scintil- 


image 


lator to be recorded photographically. 
In such a tube, the light image is 
converted into an electron image on the 
photocathode, the electron image is 
accelerated and then converted back 
to a higher-intensity light image on a 
phosphor-screen anode. Furthermore, 
the interposition of the image intensifier 
tube between the scintillator and the 
recording system has made the lumi- 
nescent chamber far more useful by 
the 


image with time intervals less than a 


permitting electronic gating of 


microsecond. 


CHAMBER DESIGN 


In the current luminescent-chamber 
concept, two faces of a rectangular scin- 


tillator are viewed separately by 1 or 2 
image-tube systems. By recording the 
two projections of a particle track thus 
about track 

obtained as 


obtained, information 
length and angle can be 
with bubble or cloud chambers. 

Two scintillator materials are pres- 
ently receiving the most attention 
a homogeneous block of thallium- 
activated sodium iodide or a scintillator 
built up of plastic filaments. 


Homogeneous Chamber 


The track photographs presented in 
Fig. 1 were obtained in a homogeneous 
luminescent chamber, that is, a cham- 
ber in which a transparent homo- 
geneous block of scintillator is viewed 
by an optical light-collecting system. 

Fundamental to all luminescent 
chamber design is the amount of light 


Table 
photons 


produced by charged particles. 
2 gives the 


produced per centimeter of track in the 


number of 


chamber for various scintillators and 
The 


record are 


various particle energies. most 
difficult tracks to those 
produced by minimum-ionizing parti- 
cles, and for most purposes the lumi- 
nescent chamber must be designed and 
them. There- 


fore these are the basis of the following 


constructed to record 
discussion. 

Figure 2 shows a homogeneous 
chamber with a lens that subtends a 
solid angle 2 in the scintillator. To 
collect a large fraction of the light, a 
low-f-number (‘‘fast’’) lens is required. 
But the “‘faster”’ the lens is, 
difficult it is 
throughout the thickness or depth of 
the chamber. This is, 
same depth-of-field problem that occurs 


the more 
to obtain a good focus 
of course, the 
in all high-speed photography. To 
illustrate this problem, one can caleu- 
late the parameters for several different 
chambers. 

Consider a chamber of depth d with 
the focal plane at the center, as shown 
in Fig. 2. Then the maximum circle 
of confusion will occur at the front and 
back planes with a radius a related to 
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Q approximately by 
(1) 


Of interest is the number of photons 
that will be recorded per centimeter of 
track in the scintillator. In the image- 
intensifying system, the light image 
falls upon a photocathode where it is 
converted to a photoe lectron image, 
and it will be assumed that each photo- 
electron will ultimately be recorded. 
Present good photocathodes have a 
photon-to-photoelectron conversion effi- 
ciency of only 0.2. Defining p as the 
number of photoelectrons produced 
per centimeter of track in the scintil- 
lator and neglecting absorption and 
reflection lo in the collecting 


system 


The values of d should be selected for a 
particula 0 give p => 1/2a, so that 
the spacing of recorded photons along 
a track approximately equals the 
maximum width of the track. A final 
factor in p is the self-absorption of the 
fluorescent light in the scintillator. In 
the plastic the bulk attenuation length 
is about 65 ¢c1 >), and in Nal(T)) it is 
probal omy irable 
The dimensions of the scintillator 
perpendicular to the optic axis 
are controlled by a different considera- 
tion. The number of resolution ele- 
ments in ¢1 ectional area of the 
chamber (assumed square) is limited 
by the number of resolution elements, 
R, in the intensifier system. If a 
cross-sectional dimension is greater 
than roughly a/R, there will be more 
loss of resolution due to the cross 
sectional dimension than due to the 
depth 
Table 3. lists some _ representa- 
tive homogeneous chambers calculated 
for minimum-ionizing tracks. Thus 
moderate-size NaI(Tl) chambers with 
dimensions of 10-20 em and resolutions 
of 1-2 mm are feasible. It should be 
emphasized that the resolution a is a 
minimum resolution and that p is a 
minimum value (for minimum ioniza- 
tion). If a track has many photons 
along its length, then a best line can be 
drawn through these photons with a 
precision better than a. For low- 
energ\ particles there may be some 
use in the thin Nal(Tl) chamber with 
a resolution of 0.1 mm. Also the 
feasibility of very large, poor-resolution 
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Properties and Applications of Luminescent Chambers 


The luminescent chamber is compared with other track-recording devices in 
Table 1. Luminescent-chamber properties can be summarized as follows: 

Time resolution. The time resolution depends upon the decay time of the 
fluorescent light in the scintillator and the shutter time of the image intensifier 
system. At present, this time resolution is 2-5 x 10-® sec. 

Counter control. The 10~°-sec time resolution provides atime delay during 
which operation of the image tubes can be controlled. Thus, two counters 
external to the scintillator could be arranged to turn on the image tubes only 
when the counters are in anticoincidence, indicating a scattered particle. 

Spatial resolution. The spatial resolution with which the particle paths 
are determined is dependent on the size of the chamber. For homogeneous 
chambers 10-20 cm thick, the spatial resolution will be about 1 mm. Small 
chambers <1 cm thick may have 0.1-mm resolution and thick chambers, 1-cm 
resolution. Space resolution of filamentary chambers depends only on fil- 
ament diameter, typically 44-1 mm. 

Recording dead time. The recording dead time is the time required to 
move the photographic film or video tape. This is much slower than the rate 
at which events can be studied (10°/sec) to determine interesting events. 

Normal film-transport methods have recording dead time of 0.03 sec or longer. 
Video tape or other methods might decrease it to 0.01 sec. 

Table 1 indicates the following uses for the luminescent chamber: 

1. When a special particle or event cannot be separated efficiently in space 
from other particles or events, but can be separated by counter systems. 

2. When large statistics are to be accumulated on a rare particle or event. 

3. When a particle or event comes from a continuous or rapidly pulsed 
source, such as cosmic rays or a continuous accelerator. 

4. When the time scale of an event is slower than 10~* or 10-’ sec and the 
time as well as space behavior of the event is of interest. 

5. When a particle flux or background to be sampled is intense 

The luminescent chamber is less useful in the following cases: 

1. When the number of events per second is small and background is low. 

2. When the spatial resolution must be better than 1 mm in large volumes 
or better than 0.1 mm in smal! volumes. 

3. When it is more economical to scan many pictures for a few events. 

4. When the event must occur in liquid hydrogen and it is not suitable to use 
a luminescent chamber surrounding a liquid-hydrogen target. 

5. When a simple scattering can be easily studied with counter arrays. 

The complex scintillation-counter array included in Table 1 can approach 
track-recording devices in angular coverage and spatial resolution. A merging 
of the filamentary chamber with the counter array is likely to occur. 














TABLE 1—Comparison of Track-Recording Devices 


Spatial Sensitive volume material 
Maz. time resolu- —— - — ——-—— 
resolution Counter — tion Pure Contain Dense 
Device (sec) control (mm) hydrogen hydrogen high Z 
Luminescent 
chamber 10-* to 107? No(?)t Yes Yes 
Bubble chamber  107* Yes Yes Yes 
Cloud chamber 1 Yes Yes Miultiple-plate 
chamber only 
Nuclear emulsion 10 No 0.001 No Yes Yes 
Complex scintil- 
lation counter 
array 3 xX 10-° Yes 10 Yes Yes Yes 
* The rapid-cycling bubble chamber, which may be expected to cycle ~ 10 times /sec with 
a 50% duty cycle, can be counter controlled in the sense that the lights can be flashed only 
during that particular cycle when counters indicate a picture should be taken. However, 
within a given cycle all tracks in the chamber are recorded if any are recorded. 
+ It may be possible to have liquid hydrogen scintillate by proper impurities addition. 
There are also no clear data on the scintillation properties of pure liquid hydrogen. 
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chambers of both NaI(Tl) and plastic 
should be noticed. 

We have used Nal(Tl) chambers up 
to 6cm thick and 8 em in cross-sectional 
dimension. Photographs of minimum- 
tracks (Fig. 1) in such a 

have obtained 


ionizing 
chamber been con- 
sistently using a 1.6-cm-diameter first 
cathode. 

Depth resolution. The depth-res- 
olution problem in future large homo- 
geneous chambers may be attacked in 
First intensi- 
fying systems may be used to view the 
chamber at different depths. Thus by 
doubling the number of intensifier 
systems, the depth of the chamber can 
be doubled. 

A second approach is to find a more 
efficient scintillator. There are reports 
(6, 7) that unactivated CsI when cooled 
to liquid-nitrogen temperatures has a 
very high scintillation efficiency. One 
might expect 10° photons per centi- 
meter of minimum-ionizing track giving 
chambers of 2 or 3 times the resolution 
of the same size NaI(Tl) chambers. 

Finally there is the question of 
whether effects such as a radiation- 
induced electroluminescence (8) could 
be found with the very short time 
constants required for luminescent- 
chamber work. The effects now known 
are all much too slow and also have 
large backgrounds. The fundamental 
limitations of the chamber all stem 
from the fact that the energy ampli- 
fication is accomplished external to the 
scintillator rather than along the 
particle track as in the nuclear emul- 
chamber, and _ bubble 


several ways. several 


sion, cloud 


chamber. 


Filamentary Chamber 


Another way to collect the light from 
the scintillator is to use the fiber optics 
principle. The filamentary chamber 
(9, 10) consists of a bundle of scintilla- 





Scintillating 
crystal 


Image tube 








+ Minimum track 
producing 
tole _»| N quanta /cm 
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FIG, 2. 


tion filaments, one end of the bundle 
ideally being pressed against the first 
photocathode of the image-tube sys- 
tem. For stereoscopic projection, the 


chamber would consist of trays of 


scintillation fibers laid in alternate 


right-angle directions as shown in 
Fig. 3. 

The resolution of the filamentary 
chamber is equal to the diameter of the 
The 


centimeter of 


scintillation fiber. number of 


recorded photons per 
scintillator track, p, depends upon the 
attenuation characteristics of the fibers 
and their scintillation efficiency. To 
light the scintillator 
filaments to the photocathode, a glass- 


transfer from 
fiber faceplate on the image tube can 
Alterna- 
lens or corrected 


be used as shown in Fig. 3. 
tively, a fast 
mirror system to couple the filamentary 


very 


chamber to the photocathode can be 
used instead of the fiber faceplate. A 
third possibility involves using cathode 
windows of a thickness comparable to 
the filament diameters. Taking into 
account the these 
systems and the light-trapping effi- 


loss in coupling 


ciency of the filaments 
p & 0.004 N e~4 (3) 


the number of recorded 
photons per centimeter of track in the 


chamber, A is the 


where p is 


attenuation length 





TABLE 2—Properties of Luminescent Chamber Scintillators 


Scintillator 
Plastic at room 
temperature 100-Mev proton 
10-Mev proton 
Anthracene at 
room temperature 
Sodium Iodide at 
room temperature 100-Mev proton 


10-Mev proton 


Particle-producing track em 


Minimum-ionizing particl 


Minimum-ionizing particle 
Minimum-ionizing particle 


N, number of I hotons produced per 


of trach n scintillator 
20,000 
70,000 
350,000 


70,000 
110,000 
350,000 
1,500,000 





--o 
a. 











n photoelectrons 
per cm of track 
in crystal 


Fd 
MOO 


of efficiency 
€ 


COLLECTING OPTICS for homogeneous luminescent chamber system 


in the fiber (which is much shorter 
than the bulk attenuation length due 
to the multiple reflection losses at the 
walls) and d is the track depth in the 
chamber. For 1-mm-diameter plastic 
Xd is currently 5-30 em, depend- 
It is 


useful to consider the photons recorded 


fibers, 


ing on the fiber surface also 


per l-mm-diameter filament, g, by a 
minimum ionizing particle at the rear 


of the chamber. 
q =~ (0.0008 NV ¢ 


Table 4 presents the 
several filamentary chambers consist- 


parameters of 


ing of 1-mm-diameter filaments. 
It can be Table 
filamentary chambers 


4 that 
with 


seen from 
plastic 
l-mm resolution are feasible with 
depths of 20-50 cm, depending on the 
fiber attenuation length. In that case 
there are only a few recorded photons 
per fiber, and it is necessary to amplify 
each resulting photoelectron sufficiently 
Thus the 


same amplification is required as in 


so that it can be recorded. 
the homogeneous chamber. If, how- 


ever, a shallow chamber a few centi- 


meters thick is used, and, if in particu- 
lar a demagnifying intensifier system is 
then 


photons per fiber to permit a smaller 


used, there might be sufficient 


amplification to be used 
The 


the filamentary chamber are 


dimensions otf 
like the 


homogeneous chamber, limited by the 


cross-sectional! 


total number of resolution elements in 
the intensifier system, with the added 
that it 


cathode 


no larger 
the 
for either fiber face- 


constraint must be 
than the 
first image 
plate or large-aperature optics). 
tracks 
tained in small (several em thick, l-mm 


dimensions of 
tube 
Cosmic-ray have been ob- 
fiber) plastic filamentary chambers by 
several groups (11). Pending develop- 
ment of fiber faceplates, the chamber is 
the 
cathode envelope of the first image 
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usually placed directly against 








TABLE 3—-Parameters of Some Homogeneous Chambers for Minimum lonizing 


Tracks 


Recorded 
photons/cn Resolution in 


scintillators 


Vazximum 
de pth for 


Maz. cross 
sectional 
dimension (cm) f number of 
collecting 

cm) R = 10,000 system 
4 
6 onto 2-cm 
cathode 
8 onto 10-cm 
cathode 
4 onto 10-cm 
cathode 
4 onto 10-cm 
cathode 
8 onto 2-cm 
cathode 
5 onto 10-cm 
cathode 
7 onto 10-cm 
cathode 
7 onto 10-cm 


cathode 


iximum for p because there is self-absorption of the fluorescent 


s absorption may be considerable in these very deep chambers. 





that care 
cross-talk ”’ 


tube. It hi found 
must be taken to 


between fil 


iments 


Filament vs. Homogeneous 
It is cl 


and that 


obtained in the 


ar that the principle is sound 
satisfactory tracks can be 
filamentary chamber as 
well as in the homogeneous chamber. 
The methods dis 


the scintill n efficiency 


ussed for increasing 
of the homo- 
geneou hamber also apply to the 


filamet It is probable 


that both moderate-size homogeneous 
NalI(Tl) chambers and plastic filamen- 
tary chambers The 
authors have so far used the NalI(TI 


will be of use. 
homogeneous chamber where the cou- 
pling between chamber and image tubes 
is relatively simple. Fiber face plates 
of 5 in. diameter have recently been 
fabricated and will soon be incorpo- 
rated into image with that 
diameter. The thin cathode envelope 
and large-aperture lens system are also 


tubes 


under active development for use with 




















4 -in. cube bundle of 
plastic scintillator 
filaments 


Glass envelope — 


= 


Aluminum Metollized—/ 
cone phosphor screen 
(anode ) 


Glass-fiber faceplate 


FIG. 3. 
and photocathode. 
in place of fiber faceplate. 
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FILAMENTARY SCINTILLATOR with glass-fiber faceplate between chamber edge 
Chamber can be coupled to photocathode with “fast” lens system 
Image-intensifier tube shown is typical single-stage design 


filamentary chambers. Filaments of 
Nal and CsI may be available in the 
future, and it is possible that plastic 
homogeneous chambers may find use. 


IMAGE TUBE SYSTEMS 


From the previous section, it should 
be clear that moderate- and large-size 
homogeneous or filamentary chambers 
require sufficient amplification to re- 
cord individual photons. 

A sufficiently dense image on the 
fastest commercially available film* 
requires about 2 X 10° photons /cm?. 
The best resolution currently achieved 
entire 
system corresponds to an 
2 X 10-4 Thus a gain of at 
least 4 X 10‘ is required in the ampli- 
fying system. This amplification is 
achieved with image converter tubes. 

A one-stage tube is shown in Fig. 3. 
The tube photocathode converts the 
light image to an electron image, an 
electrostatic potential of 10-30 kv 
accelerates the electrons to a phosphor 


through an image-tube—lens 
area of 


em?, 


screen, where the accelerated electrons 
are converted back into light. An 
electrostatic or magnetic focusing sys- 
tem must be used to preserve the 
electron image. The ratio of the 
number of photons leaving the fluo- 
rescent screen to the number of photons 
impinging on the photocathode is called 
the quantum gain and in existing tubes 
30-100. The highest-gain 
one-stage tube is the Westinghouse 
WL7257, which has a quantum gain of 


may be 


* The authors have used Kodak Royal 
X-Pan, Kodak 1-D(2), Agfa Isopan Record 
and Ansco Super Hypan. Of these, the 
Royal X-Pan seems the most sensitive 





TABLE 4—Parameters of Filamentary 
Chambers for Minimum-lonizing Tracks 
at Back of Chamber 


p, number 
of recorded q, number 
photons 
per cm 
of track 


Attenuation 
Depth length 


(cm) (cm) 


of recorded 
photons 
per fiber 

50 10 

70 14 

11 2 

Ss 

0.3 

4 

0 

0.02 
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about SO and demagnifies from a 
5-in.-diameter photocathode to a 1-in.- 
diameter anode. 

Tube cascades. To obtain a total 
quantum gain of about 105, several 
tubes must then be used, with image- 
preserving optical coupling systems 
between tubes. A_ particularly effi- 
cient way to do this is to put several 
amplification stages into the same 
vacuum envelope, with a thin trans- 
parent membrane between the fluo- 
rescent screen of one stage and the 
photocathode of the next stage. Com- 
mercially available two- and three- 
stage tubes with unit magnification, 
and a gain of 30 per stage, are made by 
RCA. 

The authors have used various tube 
combinations to obtain the required 
gain. One system is shown in Fig. 4. 
The Nal(Tl) chamber is demagnified 
by a lens of variable aperture onto the 
first photocathode of the first RCA 
tube. The refractive lenses coupling 
the RCA tubes have a 5% light collec- 
tion efficiency. Recently it has been 
possible to obtain a lens pair designed 
for this purpose with greater than 15% 
coupling efficiency. The final anode 
is coupled to the film by a purely re- 
fractive lens with 15% coupling effi- 
ciency. The RCA tubes in use have 
an average quantum gain of about 900. 
The quantum gain of the system is thus 
(900)*(0.05)?(0.15) = 2.7 * 105. The 
resolution of these tubes decreases with 
radius from the optical axis of the sys- 
tem. With only a central 1.5-em-di- 
ameter circular area, an average resolu- 
tion of 0.2 mm is obtained on the film. 

At sea level, almost all of the 
particles that go through the chamber 
are minimum-ionizing cosmic-ray mes- 
ons. A photomultiplier the 
chamber and indicates when a particle 
goes through the chamber. The first 
tube is always on, but the second and 
third tubes are gated off. The photo- 
multiplier signal gates the 
tube on for a period of 0.2—1 msec and 
the third tube on for a somewhat longer 
period. Meanwhile the first tube, 
whose fluorescent screens have decay 
times of several tenths of a millisecond, 
is storing the image of the particle 
track. During the time the tubes are 
on, this image is amplified and passed 
through onto the film. 

The cascade system, when pulsed, 
has a gain less than 2.7 X 10° because 
all the light does not come out of the 
phosphor screens before the tubes are 


96 


views 


second 


turned off. Therefore this system is 
just able to record individual photo- 
The tracks obtained in the 
chamber (Fig. 1) are 
due to several dozen photoelectrons 


electrons. 


he ymogeneous 


when a small-aperture chamber-view- 
ing lens is used and roughly a hundred 
photoelectrons using a larger lens. Of 
course, in the latter case the track is 
broader on the average. The darker 
places along the tracks are due to the 
statistical superposition of 
photoelectrons. Tracks have been re- 
corded using several image-tube com- 


several 


binations; in every case a compromise 
between gain and resolution must be 
found. 

Not only must the tubes be selected 
for highest gain, but it is necessary that 
their background noise be as low as 

The background noise as 
Fig. 1 consists of a uniform 
background from the last tube and 
dark dots. These dark dots 
are due to clumps of electrons emitted 


possible. 


seen in 
several 


by the first few photocathodes in the 
system. The origin of these clumps is 


not clear. Some are definitely due to 


positive-ion bombardment of the cath- 


ode, but others may be caused by local 
high thermal or field-emission areas on 
the photocathode. 

The tracks from both 
chambers can be observed visually on 


types of 


the last tube in the cascade system. 
In fact when the gain of the system is 
too low for photography, tracks can 
still be observed by the dark-adapted 
eye with the aid of a magnifier. 

A number of multistage image tubes 
are being developed—tubes with gains 
of 30.000 or more 
Thus ultimately one or two tubes will 


have been made. 


FIG. 4. CASCADED IMAGE TUBE system. 
unit-magnification lenses 


The later work 
of Zavoisky (3) already made use of a 


probably be sufficient. 


single multistage image tube developed 
in the U.S. 8. R. 

Another approach for obtaining a 
high-gain system is the regenerative use 
12). A high- 
gain regenerative image intensifier is 


of a single image tube 


being developed. 
Particle tracks 
obtained by the authors using meson 
the the 
Lawrence Radiation Laboratory. The 
image tube sequence used consisted of 
a WL7257 P15 fast 


phosphor as image tube 


have also been 


beams from bevatron of 


employing a 
the first 
followed by two or three multistage 
RCA tubes (C 73458 and C 73491 
optically coupled by f/1.5 lens pairs. 
Gating times of 2-10 ywsee were used 
where the gate triggering was controlled 
by a scintillation-counter telescope. 
Tracks recorded with this arrangement 


are shown in Fig. 5. 


TELEVISION SYSTEMS 


As the intensity of the light image is 
decreased on an image orthicon below 
the usual operating levels, the resolu- 
tion of the system gets gradually worse 
It is therefore not possible to specily 
the ultimate sensitivity of an image- 
orthicon system in precise numbers. 

A selected best-quality image orthi 
con with a low-noise amplifier system 
following it requires 7 10* photons 
cm?/frame for a 10-to-1 signal-to-nois 


ratio and 2 x 10 


photons/cm?/frame 
Thus 
the Image orthicon ranges from be ing 
film to 
magnitude 
the 


for a 1-to-1 signal-to-noise ratio. 
somewhat less sensitive than 


being an order of more 


sensitive depending ot desired 


Two-stage image tubes are coupled with 
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FIG. 5. 
Bevatron. 
2-in.-thick crystal. 


signal-to-noise ratio. In any case, it 
is clear that the best image orthicon is 
not able to view a luminescent chamber 
directly, and one or more image tubes 
must be used ahead of the image 
orthicon 

A particularly 


the intensifier image orthicon in which 


useful combination is 
one or two stages of image intensifica- 
tion are built into the same vacuum 
as the image orthicon. The 

ensifier image orthicon 

in combination with 
two-stage image tubes for 
filamentary chambers 
ving system consist- 

tubes recording on 

d electronically 

be and intensi- 

the televi- 

ivantage ol 

be directly 

This, first of 

orded at a 

greater ra | ym him Secondly 
there will b ime when the analysis 
be performed by 

the information contained 

»a computer. To have 

iformation in the form of electri- 

g from a video tape 

is much more convenient than using a 


television system to sean the photo- 


graphic film from the pure image-tube 
system 

The major problem in the develop- 
systems is 


ment of pure image-tube 


increasing the gain and_ resolution 
while decreasing the noise. The same 


probl m remains in the intensifier 
stages of a television system, and the 
same developments will solve the 
problem in either system. 

While the emphasis in this article 
has been on the current state of the 
luminescent-chamber art, much im- 
proved image tubes are under develop- 


ment. It is reasonable to expect the 
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TRACKS RECORDED at Lawrence Radiation Laboratory 
Two recordings at left are 1-Bev/c pions in 2.5-in.-dia. 
At right are 90-deg stereo views (one above 


recent rapid development of this new 


device to continue. 
— * * 


The work at the University of Michigan is 
being supported by the U. S. Office of Naval 
Research; by the Michigan Memorial-Phoeniz 
Project of The University of Michigan; and 
by Project MICHIGAN for the U. S. Army 
Signal Corps, under Department of the Army 
prime contract number DA-36-039 SC-52654 
administered through The University of 
Michigan Research Institute. 
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Groups Working on Luminescent Chambers 


Massachusetts Institute of Technology expect to use filamentary cham- 
ber for elementary particle experiments within six months. 
fier image orthicon as the last stage of intensifier system. 
photograph video picture, but hope to use video signal in computer through 


Princeton University—filamentary chambers and direct photography of 
last image tube as well as in conjunction with intensifier image orthicons. 
They expect to begin accelerator experiment in a few months. 

Space Technology Laboratory, Inc.—building system to gain knowledge 
University of Michigan—work described in this article. 
similar to Princeton University program. 
mostly concerned with image-tube development 
and automatic handling of luminescent-chamber data. 

Soviet Union—origina! developer of luminescent chamber, E. K. Zavoisky, 
is possibly no longer interested in this field. 
which until very recently could not be 
duplicated outside the Soviet Union) is still being made. 
being used for luminescent chambers. 
research center on luminescent chamber. 

England—extremely good five-stage transmission-type image tube devel- 
oped at Imperial College probably is as good as the Zavoisky tube. 


Some activity at Dubna nuclear 


Switzerland—CERN, a very sensitive “electron bombardment induced 
conductivity” video tube is being developed for viewing chamber directly. 
scintillation filaments being developed at CNR Saclay. 
planning to build chamber; so far, commercially available European tubes have 


Germany—at University of Bonn, five-stage image tubes are being 


They use intensi- 
At present they 


We do not know if the very fine, 


It apparently is not 


Tube will 


They are 











SEMICONDUCTOR DETECTORS 


Semiconductor junction detectors have already outstripped 
gridded ion chambers for alpha-particle spectral measurements. 
With further development they will take on many more jobs 


SEMICONDUCTOR JUNCTION DETECTORS* 
were the big news at the Scintillation 


ers were presented attached to the base material and to 
he Brookhaven-Bell the surface adjacent to the junction 


Counter Symposium. Their impres- Labs group, Blankenship of Oak Ridge material, thus producing a diode. 


i 


sive resolution for alpha particles (Fig. and Mayer and Friedland of Hughes. If a reverse biasing voltage is applied 


1) is rapidly being extended to beta J. M. McKenzie 


f Chalk River and to the diode an electric field will be 


particles (Fig. 2) and fission fragments. R. W. Jackson of RCA Victor, Mont- established at the junction and only a 


The physics of their operation is now’ real represente: 


coming to be fairly well understood, Canadian effort 
and detector fabrication is less fraught 
with uncertainties. Researchers look Fundamentals 
ahead to detectors with larger sensitive To make a det 
volumes (larger areas combined with mall (<1-cm 


substantial small leakage current (of the order of a 
fraction of a microampere) will flow 
across it Within the silicon essentially 


all of the reverse biasing 


tor one starts witha pears across the 


of semiconductor layer a region on 


deeper depletion layers). This may _ silicon perhaps 1 mmthick. Thenone junction. The de; 


require use of semiconductors with creates a rectify) 
larger energy gaps such as gallium 

arsenide and gallium phosphide and/or 

operation at low temperatures. This 

exploding technology deserves all the 

attention it is getting. 


ing 


inction in the sili- sensitive region of if 
vays: In the first charge carriers are generated within it 
erial (phosphorous by the passage of a nuclear particle 
d IS diffused into the Wu he swe pt ipal even as they 


create an n-type are in a gas-filled n chamber (ses 


eofthesilicon wafer; Fig. 3). 


The principal laboratories working in the second method the surface of One significant difference is that th 


with semiconductor detectors were 
represented at the Scintillation Counter 


*S. Friedland, et al. NucLEONICcS 18, 
No. 2, 54 (1960). 


Counts per Channel 


100 
Channel Number 


FIG. 1. REMARKABLE RESOLUTION in fine structure of Am?**! 
5.477-Mev alpha-particle line, better than that attainable with 
gridded ion chambers, was achieved at Oak Ridge. Detector 
area was 6.3 mm’, bias was 15 v 


98 


ally etched and density of the medium is much greater 
evaporation to than that of the gas of ion chambers 
thin p-type “in- thus the ranges of hea particles are 
is the so-called measured in microns rather than centi- 


acn. Leads are meters (see Fig. 4 for range curves). 


Counts per Channel 


30 40 50 
Channel Number 


FIG. 2. BETA PARTICLES, TOO, can be detected with semicon- 
ductor detectors. Here betas from Co*’ are measured with 
10-mm? Chalk River p-n junction detector made by diffusing phos- 
phorus into 12,000-ohm-cm silicon 


May, 1960 - NUCLEONICS 








ION CHAMBER SEMICONDUCTOR DETECTOR 
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FIG. 3. 


is in the na- 
The width of 
corresponds 
the parallel 
hamber, varies 
ipplied bias 
the device 
oportional to 
or junction 
hambers whose 
1 ol applied 
relationships 
ery useful 

» of ORNL 
ig.5. (A wall- 
from ORNL’s 


onsideration is 
to produce 
uuicon, a8 Op- 
on pair, in, say, 
he same amount 
in the 


tor there will be 


sensitive 
volume h dete 
much charge produced in 
the silicon and, if the 


ymparal 


eight times as 
detector capaci- 
le, eight times as 
voltage. The 
based on the 


urriers produced, is reduced by 


tances are ¢ 


much standard 


signal 
deviation, number of 
charge « 
1/~/8. Not 
tectors theoretically capable of better 


only are solid-state de- 
resolution than ion chambers, they are 
already vielding 
Another important factor is that semi- 
conductor detectors are much easier to 


better performance. 


use than gridded ion chambers. 


Results with Alpha Particles 


Because alpha particles have a range 
in silicon comparable with the thickness 
of the sensitive depletion layer and be- 


monoenergetic sources are con- 
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cause 


SOLID-STATE |ON CHAMBER is name frequently applied 
to semiconductor detectors because of their similarity to gas-filled 


veniently available, alpha particles 
have been the principal tool for testing 
semiconductor detectors. 

Each of the groups reported alpha- 
particle resolution that at least com- 
pared favorably with all but the most 
Oak 


Ridge group reported it had beaten 


precise ion chambers, and the 


the resolution of the best of ion cham- 
bers using a 6.3-mm? surface-barrier 
counter (Fig. 1). The resolution of 15 
kev was limited by factors other than 
amplifier noise, since the equivalent 
input noise of the amplifier was 7.5 kev 
(full width at half maximum) for a 
total input capacitance of 50 yf. 
Therefore the intrinsic resolution of this 
counter was 13 kev. The fine struc- 
ture may be seen for the a0, a60, a103, 
and @159 lines. The ratio of the areas 
under these lines are in agreement with 
magnetic-spectrograph data. The 
peak-to-valley ratio for the @103 line 
has been found to be a useful measure 


ion chambers, as shown here. 
smaller and energy required per ion pair much less 


But density is greater, dimensions 


of resolution in the range of 15-20 kev. 
These lines would not be seen with a 
Frisch-grid pulse-ion chamber, since 
the best energy resolution that has been 
obtained with this detector is 26 kev. 


Detection of Beta Particles 


With a thick depletion region close 
to the surface, beta particles in the 
range from 10 kev to several hundred 
The pulse-ampli- 
tude distribution from Co” (Fig. 2) 
obtained at Chalk River indicates the 
presence of the two well-known lines at 
115 and 129 kev. This and similar 
Chalk River results 
emitters were obtained using a 10-mm? 
made 12,000-ohm-cm 
p-type silicon. With 3G-v bias 180 kev 
8-particles stop in the depletion layer. 


kev are detectable. 


with other beta 


p-n junction 


Fission Fragments 


Owing to their high initial charge 
state, fission fragments lose most of 





Alpho particles 





FIG. 4. RANGE-ENERGY curves for alpha particles and protons in silicon 
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FIG. 5. SILICON-JUNCTION DETECTOR behavior is governed by equations that can be 


solved with the aid of this nomogram. 


In example shown, for 3,600-ohm-cm n-type silicon 


with 45 v reverse bias the capacitance is 52 uuf for a |-cm*-area detector and the 
effective depletion layer is 200 microns, about the range of a 5-Mev proton 


their energy in the extreme surface of 
a detector. It therefore is necessary to 
use an essentially ‘‘ windowless”’ detec- 
tor, i.e. one having a zero n-region dead 
layer even for heavily ionizing parti- 
cles. While some n-type region is in- 
herent in a diffused-junction device it 
can be made very thin (down to 0.1 
microns) and then only a very short 
sarrier lifetime will suffice for carriers 
to diffuse to the junction and be 
collected. 

The Brookhaven group measured the 
Cf?*? fission spectrum using a 0.1- 
micron-n-layer diffused-junction de- 
vice. Their results agree with the best 
time-of-flight data within the experi- 
mental accuracy of both results. Two 
conclusions are drawn from this agree- 
ment. First that e, the number of ev 
per hole-electron pair is the same for 


100 


fission fragments as for other particles; 
this follows from the correctness of the 
energy difference between the peaks. 
And second that the device must indeed 
have a negligible dead layer, for if this 
were not the case the absolute energies 
would be lower, i.e. the entire curve 
would be shifted to the left. 
Incidentally these results also show 
that these detectors do not exhibit the 
defect”? characteristic of 
Evidently also 
there exists negligible columnar recom- 
bination along the track of the fission 
fragment; even though the peak carrier 
density in this region ~10%°/cm. 


“‘jonization 
gaseous ion chambers. 


However, in another experiment de- 
signed to measure the speed of charge 
collection the BNL group observed a 
rise time from fission fragments of 10 
nanosec as opposed to an expected ~2 


nanosec. This is well outside any ex- 
perimental error. It is thought that 
this result is due to ambipolar effects— 
the high-carrier-density track left by 
a fission fragment can be pictured as a 
This 


plasma, being a conductor, does not 


highly conducting plasma. 


allow the electric field in the depletion 
region to enter it and sweep the carriers 
collected. 
therefore only collected by 


away to be Carriers are 
‘erosion”’ 
from the extreme plasma surfaces, lead- 
ing to relatively slow rise times, though 
still 
standards. 


very rapid by ion-chamber 


Heavy lons 


S. Friedland reported on results ob- 
tained by Gordon et al. at Berkeley on 
the response of Hughes diffused-junc- 
tion detectors to carbon ions having 
The output 
pulse height is very linear with particle 


energies up to 120 Mey. 


energy and agrees with the output for 
fission fragments of the same energy 
and the extrapolated response to alpha 
This 


further demonstrates the absence of an 


particles of much lower energy. 


ionization defect in these detectors. 


Amplifiers 


The Brookhaven-Bell Labs group 
pointed out that the magnitude of the 
inconven- 


detector signal is 


iently) a function of the applied bias 


output 


since the detector capacitance is bias- 
dependent. Furthermore the quantity 
of interest is not actually the voltage 
but the total charge. Therefore they 
use a charge-sensitive amplifier in con- 
junction their 
The amplifier consists of a 
1,000 preamplifier stage with a 5-yuf 
feedback capacitor. 

The output voltage from the pre- 
amplifier is just Qc/5 & 10 
is independent of the device capaci- 


with semiconductor. 


gain-of- 


12 volts, i.e. 


tance. Of course, the application of 
feedback cannot change the signal-to- 
noise ratio of the detector. 

The Oak Ridge 
Q-2609 ‘‘Linear Amplifier and Pream- 
plifier for Alpha Energy Analysis” with 
E83F low-noise cascode input stage, 


group uses its 


easily variable double clipping and post 
amplifier with adjustable clipping (cir- 
cuit diagrams are available from Tech- 
nical Information Division, ORNL). 
Clipping times of 0.5-2 usec give opti- 
mum signal-to-noise ratio. 

For low-resolution applications 
Chalk River uses transistor amplifiers. 
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ackard/ 


TRI-CARB 





LIQUID SCINTILLATION 
SPECTROMETERS 


are now 


TRANSISTORIZED 


[Pea] tosteument Company, Ine. 


P.O. Box 428-B . La Grange, Illinois Phone HUnter 5-6330 


ATLANTA © BOSTON LOS ANGELES « 


Since its introduction six years ago, the 
Tri-Carb® Liquid Scintillation Counting 
Method has become the leading method for 
the radioassay of samples containing Tritium, 
Carbon-14, Sulfur-35 and other alpha- and 
beta-emitters. More samples of Tritium and 
Carbon-14 are now being counted in the 
Tri-Carb Spectrometer than in any other 
instrument. Look around—with hundreds of 
installations throughout the world, there is 
a Tri-Carb Spectrometer near you. 

The Tri-Carb Method has been developing 
continually—both by new sample preparation 
techniques and by improvements in instru- 
mentation. And now the latest advance is 


r’ tet :. +) 
Lai 





Greater reliability is one of the principal 
advantages gained by transistorizing the Tri- 
Carb Spectrometer. Both size and weight 
of the electronics have been reduced. Power 
consumption is appreciably lower and much 
cooler operation is achieved. Line voltage 
regulation and over-all stability have been 
improved significantly by the transition to 
solid state electronics. 

In gaining these advantages no compromise 
has been made in operating performance. 
Specific figures showing the excellent count- 
ing efficiencies with low backgrounds that are 
obtainable under various conditions and with 
many types of samples are reported in. the 
literature by numerous Tri-Carb users. Simi- 
lar performance is routinely achieved with 
the new transistorized design. 

Other new developments are broadening 
the scope of liquid scintillation counting. 
Improved sample preparation techniques 
now make this the method of choice for assay- 
ing almost every type of sample material— 
proteins, carbon dioxide, tissue, lipids, 
tritiated water, completely insoluble materi- 
als, etc. Special accessory devices have been 
designed to adapt all Tri-Carb Spectrometers, 
old and new, to continuous liquid flow moni- 
toring in applications such as column chro- 
matography, amino acid analysis, and tracer 
or safety studies in plant or field streams. 
Other new Packard accessory instruments are 
also available for adapting all Tri-Carb Spec- 
trometers for radioassay of the effluent from 
gas chromatographs by both continuous flow 
and fraction collection methods. 

Transistorized Tri-Carb Spectrometers are 
available now—and at no increase in price 
over the older models. They are in production 
and we can make prompt delivery. To receive 
complete information on new transistorized 
Tri-Carb Spectrometers and new accessory 
equipment as well as general information on 
current sample preparation techniques, write 
or telephone. 


NEW YORK « PHILADELPHIA 


PITTSBURGH «© SAN FRANCISCO e WASHINGTON, D.C. © ZURICH, SWITZ. 
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INSTRUMENTATION 


FIG. 1. 


HIGH-LEVEL ION CHAMBER is readily disassembled. 


and MEASUREMENTS 


FF pt 


Amount of material 


behind chamber is kept to minimum to make chamber less directional 


lon-Chamber Response 
in High-Level Radiation Field 


By E. G. BYLANDER* 


Convair-Fort Worth Division, General Dynamics Corp., Fort Worth, Texas 


An adaptation of an ORNL ion- 
chamber design (1) has performed 
satisfactorily in a high-level gamma-ray 
field. It can be used for dose rates 
up to 4 X 10" ergs/gm/hr. Neutron 
sensitivity is sufficiently low 
agrees with theory for neutrons up to 
14 Mev. 

The Nuclear Aircraft Research Facil- 
ity at Convair-Fort Worth began a 
search for such a chamber at the 


and 


* PreseENT ApprREss: Texas Instruments 
Incorporated, Dallas, Texas. 


50 


re 


nm 


% Neutron Sensitivity (r/rep) 


8 10 


Neutron Energy (Mev) 


FIG. 2. NEUTRON-DOSE SENSITIVITY of chamber (operating 
conditions: 900 volts, 26° C, 36 in. Hg abs.) 
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request of a committee set up by the 
Air Force to standard 
techniques in radiation measurement. 
The committee set the following 
criteria for instrument performance: 


recommend 


(1) as nondirectional as _ possible; 
(2) known temperature response be- 
100° C; (3) 
response known and as low as possible; 
10}? 


simple 


tween 0° and neutron 


(4 capable of withstanding 
ergs/gm(C); (5) sturdy and 
construction; (6) linear to +144 % over 
the range 105-10" ergs/gm(C) /hr. 
All these criteria but the last were met. 


Cy 


Energy Absorbed /Unit Flux 
[ergs/gm/hr (C)] / [neutrons /cm/sec] 2 


FIG. 3. 
Fig. 2) 





Modifying the ORNL Chamber 


An ORNL design for a 
chamber (1) was chosen as a start, and 


4-cm’ ion 


a model was built to this design. 

Over a period of a year, the ORNL 
chamber was modified mechanically to 
improve its resistance to radiation and 
to decrease its size and complexity. 

A flow chamber and a static chamber 
of the modified design built 
retaining the ORNL 
figuration (0.250-in. wall thickness and 
0.125-in. spacing) of the 
ORNL Thus the 
properties of the chamber were not 
Calculation showed the wall 


were 
electrode con- 
covered 
model. electrical 
changed. 
provided electron equilibrium for reac- 
tor radiation. 


Final Chamber Design 


The finished ion chamber (Fig. 1) is 
simpler and requires less parts than the 
It is made of alumi- 
fluorethene 
disassembled 


original design. 


num, polystyrene, and 


graphite. It is readily 
by removing the brass end-plate on 
which all parts are mounted. 

The chamber could be made more 
radiation resistant by the use of a 


quartz center insulator (cost: about 
$75), a Mykroy high-voltage insulator 
and a metal “O”-ring seal. So far, 
Teflon has proved the best connector 
insulation for doses up to 10"! ergs/gm 
For higher doses, an especially designed 
quartz-insulated cable is used to carry 
the signal outside the high radiation 
zone to a point where conventional 
polyethy lene-insulated cables can be 
used. The cable consists of a capillary 
quartz insulator inside an aluminum 
tube. No the 


insulator the 


connectors are used 


quartz extends inside 


Neutron Energy (Mev) 


ENERGY ABSORBED in chamber (same conditions as 
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From headquarters 


for radiation shielding materials: 
FEDERATED LEAD PRODUCTS 


Federated has fabricated Asarco Lead into shielding devices 
in numerous designs and widely varying weights. Interlocking 
Bricks*, for example, have a unique design to provide a full 
inch of shield for every inch of lead supplied. Other Federated 
perfected products include lead sheet and plate for permanent 
installations, available in different thicknesses, lengths, 
widths; numerous stock sizes of isotope containers; stor- 
age, disposal and shipping containers in weights up to 25 
tons; lead shot to fill hollow receptacles; lead wool for cold 
caulking; and special castings to order of elbows, bushings, 
piping and other components. Write or call for Bulletin No. 
193, ‘‘Lead For Radiation Shielding.'’ Federated Metals Divi- 
sion, American Smelting and Refining Company, 120 Broad- 
way, New York 5, REctor 2-9500, or call your nearest 
Federated sales office. *Patent Pending 


Where to call for information: 


ALTON, ILLINOIS 
Alton: Howard 5-2511 
St. Louis: Jackson 4-4040 


BALTIMORE, MARYLAND 
Orleans 5-2400 


BIRMINGHAM, ALA. 
Fairfax 2-1802 
BOSTON 16, MASS. 
Liberty 2-0797 


CHICAGO, ILL. (WHITING) 
Chicago: Essex 5-5000 
Whiting: Whiting 826 


CINCINNATI, OHIO 
Cherry 1-1678 
CLEVELAND, OHIO 
Prospect 1-2175 
DALLAS, TEXAS 
Adams 5-5034 
DETROIT 2, MICHIGAN 
Trinity 1-5040 

EL PASO, TEXAS 
(Asarco Mercantile Co.) 
3-1852 

HOUSTON 29, TEXAS 
Orchard 4-7611 


LOS ANGELES 23, CALIF. 
Angelus 8-4291 
MILWAUKEE 10, WIS. 
Hilltop 5-7430 
MINNEAPOLIS, MINN. 
Tuxedo 1-4109 

NEWARK, NEW JERSEY 
Newark: Mitchell 3-0500 
New York: Digby 4-9460 
PHILADELPHIA 3, PENNA 
Locust 7-5129 
PITTSBURGH 24, PENNA. 
Museum 2-2410 


rd 
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PORTLAND 9, OREGON 
Capitol 7-1404 


ROCHESTER 4, NEW YORK 
Locust 5250 

ST. LOUIS, MISSOURI 
Jackson 4-4040 

SALT LAKE CITY 1, UTAH 
Empire 4-3601 

SAN FRANCISCO 24, CALIF. 
Atwater 2-3340 

SEATTLE 4, WASHINGTON 
Main 3-7160 





TED METALS DIVISION 


WHITING, IND. (CHICAGO) 
Whiting: Whiting 826 
Chicago: Essex 5-5000 


IN CANADA: Federated 
Metals Canada, Ltd. 
Toronto, Ont., 1110 
Birchmount Rd., 
Scarborough, Phone: 
Plymouth 73246 


Montreal, P.Q., 1400 
Norman St., Lachine, 
Phone: Melrose 7-3591 





STOKES 


a vacuum pump 


as compact as 


Yes, designed for compact- 
ness and with no costly 
extras to buy. Saves up to 
50° of your valuable floor 
space. But these are just a 
few of the revolutionary fea 
new Stokes 
elebeets) 


tures of the 
Series H Microvac 


Find out why Stokes offers 
more pumping perform- 
Just write 
Vacuum Equipment Division, 
aD P- 0) -@ 9 O10) :8 10) :7-U LO) Be 
5500 TABOR RD., PHILA. 20, PA. 


STOKES 


you 
ance per dollar 


SEND TODAY 


for your tree 


Vacuum Slide Calculator! 


| being lone Witl a 


dev ce 


| cable 


| This 


tion cal 
| readings 


| 760 mm Hg. 


| increased by 





| chamber and serves as part of the ion- 
| chamber insulator 


Instrumentation 


To test the 
instrumentation system was built. 
The over-all +10% ac- 
curate, +5% linear and +1% 
Most of the nonlinearit, 


lambers a_ special 


system 1S 





precise. 
of the system 
errors in switching between 
Work is 


rate-of-charge 


is caused by 
micromicroammeter ranges 
improv inearity over 5 
taken with 
radiation- 


decades ( are must De 


routing to avoid 
induced cable which 


currents may 


amount to as much as 10~!° amperes/ft 
nsulated RG59 
+0.3% 


precision over a 6-month pe riod. 


for poly thvlene- 


system has achieved 


A temperature- and pressure-correc- 


culator corrects ion-chamber 


automatically to 0° C and 


Chamber Characteristics 


Temperature sensitivity. Tests 
with the flow chamber showed that the 
temperature of the gas matched that 
of the detector for flow rates up to 2 
condition the 


aries inversely as the 


hr. Under this 
detector output 
detector temperature (and directly as 
the pressure 

In a pure gamma field, it is con- 
venient chamber as an 
open-air chi In this case, the 
output again is the gas popula- 


tion, or as the of absolute pres- 


sures und 
The static chamber has proved so far 


to be temperature-sensitive 


probably 


outgassing of the carbon 


because of 
electrodes with riss n temperature 
Linearity. Ion-chamber linearity 


was found by determining the voltage 


at which ion collection de reased below 


199% and at which multi lication had 


} 


than 1%. For 


determinatio! the 


| 
| 


such a complica- 
tions introduced by columnar recombi- 
nation effects in neutron-contaminated 
fields to be 
necessary to use pure gamma fields. 

The highest availabl 


less than 104 


discusst Delow) made it 
pure” (i.e, 
photoneutrons/cm /sec 
MTR Gamma 
Facility and is of the order of 2-4 x 10% 
ergs/gm(C)/hr. Sine: 
the 10 desired, 
theory 2 wa ed by 


gamma field is at the 


this is less than 
Boag’s 
which ion- 
saturation can be 


chamber measured 


at one dose rate and extrapolated to 
interest. The 


does not in- 


other d Se rates o! 


extrapolation procedur 


clude space charge, gas contamination 


and change in voltage for 1% multi- 
plication effects, calculated 


to become significant for dose rates 


which are 


The meas- 
urements at the MTR and in the 3.000- 


60 


of about 10! ergs/gm/hr 


curie Co 
Worth, 


show this method to be alid. 


irradiator at Convair-Fort 


using 10°-10° ergs/gm/hr, 
The 
results indicate that the chamber can 
be used in dose rates up to 4 X 10 
ergs/gm(C)/hr with 5,000-volt col- 
lecting potential at 1,000-mm absolute 
pressure and to 2 X 10! ergs/gm(C 


hr with 3,000 volts at 760 mm 


Neutron Response 


When a carbon ion chamber is to bi 


used in a mixed-radiat field, its 


neutron sensitivity Known 


Hurst has estimated e neutron 
sensitivity to be 15-50 depending 
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l rep of 


a current corre 
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were taken at 900 correction 
factor is roughly a linear increase with 
i volta 


voltage and ile 


of 2.500 vol 


oe 


Group, | D 
UTR Gamma 
l others of 
help witl 


BIBLIOGRAPHY 


n R a \ eie Ne v mm chan 

gamma 4 10s8€ eas 

i iysics Annual Progress Report for 

od Ending Septe ‘ 1957, ORNI 
also ORNL drawing Q1822 

Brownell Radiation Dosim- 


Ac ier Press, Inc New 


irements 


ies and techniques 
Radiation 


I is et al, I 8 semi-annual 

rogress report, January 31 156, OR NL-2049 
56 (1956 

. B. Storer et al. ‘ lative biological 

effectiveness of \ nizing radiations in 

8 " Research 6, 219 


mam sian systems fad 
1957 

Norman A. Bostrum e¢t al Inelastic scattering 
of fast neutrons from nitrogen and oxygen 


WADC-TR-58-88, 50 (1958 


May, 1960 - NUCLEONICS 





ak reports on: 


eee ond 


d =. ... the profit viewpoint on nondestructive testing . . . finding an or- 


\_ sanigéeompoun when fou aren’t sure what you want...an occasional dunk for the new oscillography 


Infrared detectors for sale 


Our involvement in infrared detectors 
has deepened. 

Pictured at the top of this page are, 
respectively, the simplest kind of 
Kodak Ektron Detector with a rec- 
tangular sensitive area of any reason- 
able dimensions, available either in a 
3-pin miniature cable socket or un- 
mounted with re-solderable leads; an 
“immersed” detector with detecting 
substance deposited on the plano sur- 
face of a radiation-collecting lens; a 
detector mounted in a Dewar for cool- 
ing by cryostat. We also deposit de- 
tecting substance in separated or in- 
tricate configurations as ingenuity, 
under necessity’s goad, may provide. 

Since any of these physical forms 
can now be provided with any of six 
different kinds of lead sulfide or lead 
selenide depositions, as governed by 
spectral sensitivity, response time, 
temperature, and ambient humidity, 
the print gets quite fine in a folder we 
have just published to guide the selec- 
tion of Kodak Ektron Detectors. 

A free copy is available from Eastman 
Kodak Company, Apparatus and Optical 
Division, Rochester 4, N. Y. It is designed 
to make the sale with minimum further 
correspondence. To give you an idea, the 


off-the-shelf, one-only price sale starts 
from $14.50. 


Not too good, not too bad 


One lady and 106 gentlemen, all ma- 
terialists by profession whatever their 
private spiritual views, have labored 
long and brought forth two volumes of 
material philosophy that weigh in 
about average for newborn babes. 

Title: Nondestructive Testing Hand- 
book. Editor: Robert C. McMaster, 
The Ohio State University. Publisher: 
The Ronald Press Company, New 
York. Price: $24. No charge for the 
applause rendered the work here. 
What’s good for nondestructive test- 
ing is good for Kodak. 

Nondestructive testing seems to be 
analytical physics, counterpart to ana- 
lytical chemistry. The public pictures 
the “purpose” of chemistry as mostly 
analyzing things, just as the physicist 
fashions atom bombs out of cosmic 
rays. This book shows that physics, 
too, can have a “purpose” in better, 
safer, more profitable living. However, 
the book is not written for the public. 
Deeply concerned with profit it is 
indeed. 


Too much control of product char- 
acteristics squanders resources. Too 
little squanders reputation. Profit per- 
fumes the happy valley in the middle. 

The first section develops these 
thoughts in a manner to interest and 
please the management, whether the 
product is bathtubs or Venus probes. 
The remaining 53 sections pursue the 
theme down every crevice of technical 
detail, not only in our own specialties 
of film radiography and optical gaging, 
but in such others as liquid penetrants, 
magnetic particle tests, electrified par- 
ticle tests, eddy currents, ultrasonics, 
brittle coatings, photoelastic coatings, 
strain gaging, radiation sources, fluor- 
oscopy and x-ray image devices, x-ray 
diffraction and fluorescence, and even 
vision itself, properly aided. 


A devil of a job 





EASTMAN ORGANIC CHEMICALS by FUNCTIONAL Grours 





HETEROCYCLIC COMPOUNDS ._ 


2-Ami10-4~chioromet! 
Y thiazole Hydrochionde 
7442 2, 5-Dighenyi-o-dithiin 
7516 Tetrah ydrothi ophene 
7726 Tetranydro-1-thiapyran 


HYDRAZINES, HYDRAZIDES, 
HYDRAZONES, OSAZONES 


11 Acetophenyihydraz de 
147 p-Hydrazinobenzore Acid 
321 Hydrazobensene 
329 Pheny (hydrazine 
330 Phenvihydrazine Hydroch! 








See a typical page from the new “East- 
man Organic Chemicals Classified by 
Functional Groups.” 

Putting this book together was one 
devil of a job. It should have been done 
25 years ago, but we'd kept putting it 
off and putting it off. 

The job was not done by a commit- 
tee. One man decided how it ought to 
be done and issued appropriate orders 
to his helpers. We hope he has done a 
good job. Some other chemist would 
have done it some other way. The other 
way would have seemed far more sensi- 


This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 
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ble to the other chemist. That’s the 
trouble with committees (although 
they do have their uses). If a committee 
had had to agree on the scheme, you 
would not now be able to obtain a 
copy of Eastman Organic Chemicals 
Classified by Functional Groups by 
merely asking Distillation Products 
Industries, Eastman Organic Chemi- 
cals Department, Rochester 3, N. Y. 
(Division of Eastman Kodak Com- 
pany). 

There are some 3800 Eastman Or- 
ganic Chemicals for laboratory use. To 
look one up in our regular alphabeti- 
cal “Eastman Organic Chemicals List 
No. 41” for availability, package size, 
price, structural formula, and MP or 
BP, you must know what specific com- 
pound you want and how we interpret 
Chemical Abstracts nomenclatural rules 
in naming it. This isn’t always easy. 

Now, if you first consult “... by 
Functional Groups,” you see gathered 
together in one handily comprehensible 
list all the compounds we offer that 
contain a given functional group. Each 
compound appears under each of the 
functional groups it contains. 


We think we have done a good thing for 
chemistry and for business. 


To permanize the unusual 


Three good instrument manufacturers 
have been pushing for all they are 
worth a type of oscillograph that puts 
out a visible record instantly without 
chemical processing. Maybe you have 
one or a bank of them. They’re terrific. 
They use Kodak Linagraph Direct 
Print Paper. 

Occasionally—maybe often—you get 
a record that you wish had the long 
life that chemical processing gives. 
Now you can have your cake and eat it. 

To offset such an old saw (an in- 
felicitous one, moreover, to employ 
in discussing a prepared powder which 
so readily dissolves in a gallon of hot 
water), we have gone to the trouble of 
manufacturing a new word, “‘Perma- 
nize,” as in Kodak Linagraph Perma- 
nizing Developer. Dunk as directed, fix, 
wash, and dry. No darkroom needed. 

If your usual source of Kodak Linagraph 
Papers cannot supply it, drop a sharp note 
of reproof to Eastman Kodak Company, 
Photo Recording Methods Division, Roch- 
ester 4, N. Y. 


Price is subject to 
change without notice. 








Covering the full spectrum of Soviet research in the nuclear sciences 


x x « * THE SOVIET JOURNAL OF ATOMIC ENERGY *« x x x 
The USSR’s only atomic energy journal—in complete and prompt translation! 

Every original research report and the 
monthly literature reviews covering the latest 
publications on the peaceful uses of atomic 
energy appear in this C.B. translation. The re- 
ports in this Academy of Sciences journal 
cover the latest Soviet research in atomic 
physics, power, raw materials, radioactive iso- 
topes in industry, biology, and medicine, and 
radiation protection. 


All photographs (including color plates) are re- Subscriptions Are Still Being 
produced with the text. Accepted for the Year 1959 .. . 

z 4 f Annual Subscription: 12 issues, $75.00 
M includes peports a Back Issues: 1958 (12 issues), $75.00; 
Institute of Atomic Energy of the USSR. 1957 (12 issues), $75.00; 
Joint Institute for Nuclear Research at Dubno. 1956 (6 issues), $75.00 _ 
Thermo-Technical Laboratory of the Academy of Sciences. Please add $5.00 for foreign subscriptions. 

. and other research installations. Tables of Contents upon request. 





Originally published as supplements to JAE, these translations have gained 
individual recognition as important contributions to the literature. 


THE GEOLOGY OF URANIUM ee ee eee eee eee eeeeeeeeeeees 
“ . .. well illustrated . . . very informative . . . a useful reference... ”’ 

—Cyrus W. Field, ECONOMIC GEOLOGY 

Twelve important papers, by leading Soviet specialists, on the main problems encountered in current investigations, with 

attention directed mainly toward the study of uranium deposits which formed contemporaneously with sedimentary rocks. 


cloth 128 pp. illus. $6.00 
eoeceeceeeceece PHYSICS AND HEAT TECHNOLOGY OF REACTORS 


“Mathematical physicists and especially those learned in nuclear science will welcome this book. It is frankly a reveal- 
ing picture of the immense progress Soviet physicists have made in recent years, and, among other things, it provides 
the reader with excellent references to literature, especially Soviet literature, on this rapidly growing specialized region 
of physical science . . . It includes . . . material of which little or nothing has so far appeared in any literature, and 
it therefore qualifies for a place in the library of the nuclear technician.”—D. S. Watt, NUCLEAR ENERGY ENGINEER 


cloth 174 pp. illus. $22.50 


NUMERICAL METHODS FOR NUCLEAR REACTOR CALCULATIONS 
by G. I. Marchuk 


“As stated in the foreword, this book is ‘an attempt at a more or less systematic exposition of numerical methods for the 
calculation of thermal, intermediate and fast-neutron reactors.” The author has admirably succeeded in this goal, his expo- 
sition of numerical methods for reactor calculations being the most complete yet published.” —-NUCLEONICS 


durable paper covers 296 pp. illus. $60.00 


eeoeeeececeecececeoececesoses LIQUID-METAL HEAT TRANSFER MEDIA 
by S. S. Kutateladze, V. M. Borishanskii, |. |. Novikov and O. S. Fedynskii 


This informative volume is devoted to the problems of utilizing liquid-metal heat transfer media in nuclear power. Data 
on the study of heat removal by liquid metals, obtained during the past ten years in the USSR, as well as abroad, in con- 
nection with problems of nuclear power are both systematized and generalized in this work. 


cloth 150 pp. illus. $22.50 


FAST-NEUTRON SPECTROSCOPY seeeee2eeeeeeee8e8 282888808 


by B. V. Rybakov and V. A. Sidorov 

The authors, Soviet pioneers in the field, working with the one-and-one-half-meter cyclotron at the Institute for Atomic 
Energy, have developed one of the first and, possibly, best of the presently available spectrometers. Thus, the chapters 
which are devoted to time-of-flight methods represent not only a survey of work which has been done, but, to a consider- 
able extent, a description of the authors’ own experiments and original results. 


cloth 122 pp. illus. $17.50 





Descriptive foiders upon request 








CONSULTANTS BUREAU ENTERPRISES, INC. 
227 West 17th St. - New York 11, N. Y. 











Fuzzy Radiographic Details . . . 


. . » Are Sharpened by Fine-Grain Film 


Kodalith Film Gives Ultrafine Details 


WHEN ULTRAFINE DETAIL is re- 
quired, even at the sacrifice of longer 
exposure time Kodalith Orthochro- 
Type 3 
superior to films used in routine radi- 
radiographing minia- 
components, Charles D. Fifield 


Lowell, Mass.) reports 


matic film has been found 


ography. For 
ture 

taytheon Co., 
that the Kodalith film has the following 
advantages: (1) thin 
high contrast for indicating 


fine-grain emul- 
sion (2 
single emulsion, 
effects 


material densities; (3 


which reduces parallax and 
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improves resolution under magnifica- 
tion; (4) can be processed under 
routine conditions with 
film. The above illustrations compar 
Kodak M-2 (upper) and Kodalith 
(lower) for determining solder distribu- 
tion in a small part (the part is similar 
to a 5¢-in.-thick steel hexagonal nut 
a steel tube is brazed into a porting 
drilled into one side of the hexagon 
with a clearance of about 0.001 in.). 
Kodak M-2 image is fuzzier because 
of larger grain and double emulsion. 


conventional 











NEW! 


A TRITIUM ION CHAMBER 
FOR HIGH-TEMPERATURE 
GAS CHROMATOGRAPHY 


Tritium ionization chamber, TIC 3, 
was designed especially for measure- 
ment of tritium in high-temperature 
gas chromatography. it 
strain currents and allows operation 
up to at least 200°C. With this cham- 
ber, tritium labeling of higher boiling 
compounds and subsequent measure- 
ments of the radioactivity after sep- 
aration is now possible. TIC 3 (High- 
Temperature Model), $485.* 


minimizes 


Johnston Laboratories recommends 
the TIC 2, at a significantly 
price than the TIC 3, for work not 
requiring high-temperature operation. 


TIC 2 (Standard Model), $295.* 


lower 


Model E-1 is a stable, inexpensive 
electrometer designed especially for 
use with our tritium ionization cham- 
bers. It is a current amplifier with oa 
stable feedback circuit. It has con- 
venient ranges and easily measures 
currents to below 107'® amps. The E-1 
consists of a control unit and an elec- 
trometer-head. E-1, $595.* 


jacket (not shown in 
H-1, 
complete with in- 


thermocoupie, and 


A heating 
photo), Model 
Tre 3. & 
sulation, 


slips over the 


comes 
built-in 
separate unit to water-cool the elec- 
trometer-head. H-1, $285.* 


Write for details. 


* All prices f.o.b. Baltimore and sub- 
ject to change without notice. 


WILLIAM H. 


JOHNSTON 
LABORATORIES, INC. 


3617 WOODLAND AVE. 
BALTIMORE 15, MD. 
MOhawk 4-8400 
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“Blue Sky” Revisited—Future Roles for Nuclear Power 





These features of reactors . 


. . Mean promise for these applications 





Low fuel cost as mined 


Compactness of fuel 


Climate control; process heat; electricity generation. 


Power for space stations (such as Moon, Mars), satel- 


lites; propulsion. 


No oxidant needed 


Exploring and mining ocean floor and other planets; 


materials processing where no oxygen is wanted. 


Compact waste 


Controllable energy pulses 


Urban power stations where smog is a problem. 


Pulse-jet-type propulsion; materials processes requiring 


hot pressure pulses. 


High temperature 


Artificial sun for space stations; thermionic and thermo- 


electric systems; materials processing. 


Direct ionization energy 


Various radiations 


Materials processing; direct-conversion electricity. 


Materials studies and processing; also, development of 


research reactors leads to innovations and new reactor 


concepts. 


Quick power changes and 
indefinite shelf life 


Standby reactors for disaster relief, supplementary 
power for peak loads or where cost of intermittent 


power is high. 


Transmute elements 


Breeders to stretch nuclear fuel supply by factor of 


100-500; production of radioisotopes (9sCf**?, if pro- 
duced in any quantity, would give extremely concen- 
trated energy source). 





@ Process and space heat consumes 2 
to 3 times as much U. S. energy as does 
electricity generation. 
@ Chemo-nuclear reactors offer promise 
of economically making chemicals and 
fertilizers that are vital in underde- 
veloped regions of the world. 
@ Practical propulsion and power for 
satellites, space stations and ocean- 
floor exploitation require use of the 
unique features of nuclear energy. 

These three points clearly are guide- 
lines in charting the course of advanced 
reactor development in this decade. 
In recent years, our focus on achieving 
economic central-station electrical gen- 
eration has obscured the need for 
attention to these unique applications. 
Thus, the objectives of the reactor field 
today can be divided into three over- 
all segments: (a) achieving an industry 
soundly based on economically com- 
petitive applications, (b) laying the 
experimental foundations for the high- 
temperature advanced reactors stressed 
here, and (c) preparing for the day 
about 25 years from now when full- 
scale uses of reactors will make breeder 
reactors and waste disposal emerge 
as essential factors in our nuclear 
economy. 

The search for clarification of these 


guidelines was the objective of recent 
hearings conducted by the Joint Com- 
mittee on Atomic Energy. The eight 
panelists testifying were: Karl Cohen 
of General Electric, David B. Hall of 
Los Alamos, Bernard Manowitz of 
Brookhaven, Harry P rry of the Bureau 
of Mines, John W. Simpson of Westing- 
house, Bernard Spinrad of Argonne, 
Chauncey Starr of Atomics Interna- 
tional, Alvin Weinberg of Oak Ridge, 
and Walter H. ninn of Combustion 
Engineering. 


Unique Features 


, 


By looking at “unique” reactor 
characteristics that promise perform- 
ance ‘‘cheaper, better, or more efficient 
than known alternates,”’ the problems 
and ultimate goals of advanced reac- 
tors were set into patterns by Spinrad; 
other panelists stressed particular ap- 
plications, problems and _ solutions. 
Some of the uses, such as propulsion 
and central-station power, are being 
developed intensely now, others are 
logical outgrowths of present work, 
and for some we need to uncover the 
interrelated fundamentals of process 
dynamics, materials preparation and 
behavior that lead to reactor experi- 
ments demonstrating technical feasi- 


bility. Radiation processing and high- 
temperature process heat are prime 
examples of these. 

Straightforward uses could be with 
plants, such as APPR and ALPR, 
which might be useful in disaster relief, 
as well as in supplementing conven- 
tional power in the lumber industry or 
in meeting central-station peak loads 
where the cost of intermittent power 
is high. Since reactor power level 
easily can be regulated over factors of 
at least a quadrillion (10'*); only sys- 
tem auxiliaries usually cause limita- 
tions on rate of power change. 


Heat 


If we can devise reactors and fuel 
cycles that preserve the intrinsic low 
cost of nuclear fuel, changes in the 
climate over a small area might be 
effected at reasonable cost. For in- 
stance, a big 100-Bw low-temperature- 
reactor station might heat air and 
dissipate smog caused by an inversion 
layer and combustion products in a 
congested area such as Los Angeles; the 
reactor also could distill sea water. 

Without the inherent temperature 
limitations of chemical fuels, nuclear 
heat depends only on the structural 
and process materials involved. Bu- 
Mines and AEC are studying high- 
temperature processing of materials, 
such as coal carbonization and coal 
gasification to make CO and H, for 
producing organic chemicals and sub- 
stitutes for natural gas and petroleum 
products. The present the 
development of a reactor to heat 
helium to 2,000-2,500° F and to trans- 
fer the heat to streams. 
Temperature potential of most existing 
designs of high-temperature reactors 
(such as Los Alamos’ Turret) is limited 
because heat is generated in a solid 
and then is transferred to the process 
gas; higher temperature might be 
achieved if the fuel is suspended in 
and circulated with the process gas. 
Thermionic and thermoelectric sys- 
tems are likely to become highly 
efficient above flame temperatures— 
thus giving unique attractiveness to 
nuclear systems. 

For a space station, an efficient high 
temperature reactor might serve as an 
artificial sun radiating heat directly 
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process 





to the working location—but this is a 
rather advanced possibility. 


Chemonuclear Processing 


About six times as much kinetic 
energy from fission is released via 
fission fragments as in the neutrons, 
betas and gammas. To use this direct 
source of ionization energy requires 
development of unclad fuels having 
large surface-to-volume ratios. Brook- 
haven studies of processes for produc- 
ing nitrogen oxide by exposing air in 
a reactor considered three configura- 
tions of nuclear fuel: UO, dissolved in 
very thin filaments of glass wool, 
UO, thinly plated on very thin flat 


ribbons, and a dispersion of very fine | 


UO, particles in a circulating gas. 
Other possibly practical processes in- 


ANEW 
MATERIAL 
for 


NEUTRON 
SHIELDING 








clude the mine-site reduction of ores | 


to metal by using reactor-produced | 


nitric acid, or production of ethylene 
glycol from methanol, or phenol from 


benzene water and oxygen. Eco- | 


nomic analyses so far indicate that 
such chemonuclear processes would be 


marginal except where steam costs 


more than 40¢/MBtu or where on-site | 


processing would lower shipping costs. 


3uMines has found only minor | 
effects from irradiating coal before | 


subjecting it ) various processes, but 


is continuing these experiments with | 
irradiation during processing in the | 
effects will occur, 


cases of carboniza- 

n with certain liquids. 
es might be 

that would be 

ustion, but such 


ympounds or solid- | 


state device do ot seem very 


practical having fission frag- | 


ments, which are ions, perform useful 
work against an ele ical field, elec- 
tricity might be generated directly. 
But the most probable payoff of 


reactors’ ionization energy rests in | 


the chemical 


Propulsion, Power 


APPR- and ALPR-ty pe reactors 
can enormously extend the capabilities 
of remote areas such as the Antarctic. 
Improved reactors can power satellites 
(SNAP-8) and propel space ships 

Rover But to power self-sufficient 
bases on other planets we will need 
reactors and systems that are extremely 
rugged, compact, and powerful. Fast- 
reactor systems seem ideal for this, 
particularly in view of EBR-2 type 
processes for repurifying and recon- 


stituting spent fuel 
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Permali is a laminated plastic with exceptional 
mechanical properties. 

Permali has a comparatively high hydrogen con- 
tent and thus a low relaxation length against 
fission neutrons. 

Permali can be operated at relatively high tem- 
peratures without deformation or loss of shielding 
properties. 


Permali can be loaded with Boron to attenuate 
thermal neutrons . . . it can be made fire resistant 
and self-extinguishing through chemical modifica- 
tion during manufacture. 


Permali is available in the form of sheets, rods, 
rings, threaded rods, nuts and bolts, or fabricated to 
engineering tolerances in almost any shape or size. 


Permali design engineers are available for consul- 
tation on your particular shielding problem. 


Send for Bulletin NU-1 
today! ’ 


PERMALI, Inc. 


P. O. Box 718, Mt. Pleasant, Pa. 


Current Simulates Fission Heat 


in Fuel-Element 


Test Loop 


By P. E. BISSONNETTE and J. B. CARR, Knolls Atomic Power Laboratory,* Schenectady, New York 


Heat-transfer tests on new fuel-ele- 
ment configurations are facilitated by 
the lack of radiation hazards in a 2,500- 
psi 650° F water flow loop in which 
1.2 Mw of fission heat is simulated by 
direct-current power passing through 
the resistance in the material in test 
fuel elements. 

Reactor performance depends heavily 
on the ability of the coolant to remove 
heat generated in the fuel elements. 
Thus it is important to establish experi- 
mentally the heat-transfer and fluid- 
flow characteristics of proposed new 
fuel designs. The Fuel Element Heat 
Transfer Loop shown in Figs. 1 and 2 
subjects full-size fuel prototypes to re- 
actor operating situations, such as 
steady-state, transient or casualty con- 
ditions of flow, pressure, temperature, 
heat flux and water chemistry. 

By using direct current instead of 
fission to generate heat in the fuel ele- 
ments, bulky shielding and complex 
radiation-protection devices and pro- 
cedures are unnecessary, cost is reduced 
sharply and precise data can be ob- 
tained. The fuel prototype can be 
fabricated of any material having the 
desired electrical resistance and me- 
chanical properties. The fact that di- 
rect current generates heat uniformly, 
instead of nonuniformly as in actual 
reactor fuel elements, must be compen- 
sated for in designing the test or in 
evaluating the data. 

The loop is used to determine heat- 
transfer coefficients, maximum heat 
flux, two-phase pressure drop and other 
characteristics of various fuel-element 
geometries. Other investigations in- 
clude simulation of reactor casualties 
such as power transients, loss-of-cool- 
ant and loss-of-flow accidents, and ob- 
servation of the heat-transfer behavior 
during these incidents. 


Heat Generation 


Two 2,400-kw motor-generator sets 
—each rated for 8,000 amps at 300 


* Operated for the U. 8S. Atomic Energy 
Commission by the General Electric Co. 
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80-kw immersion heater 
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FIG. 1. 





KAPL'S TF-12 FUEL-ELEMENT HEAT-TRANSFER LOOP consists of closed primary 


and secondary piping systems whose pumps circulate cooling water through several heat 


exchangers to remove heat from the test “fuel” 


elements, a pressurizer, in-line immersion 


heaters for preheating before startup, and equipment to control the loop, maintain water 
purity, and for making experimental measurements 


5° -C bus 
to test 
sections 


FIG. 2. ALTERNATE TEST STATIONS minimize 
other is being prepared for another test series. 
7 34 ft long, adequate for most fuel elements of 


~—_ 
. are 
Wills Primary heat 


exchangers 


loop downtime—one operates while the 
Each station accommodates a test section 
present-day interest 
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over 
300 
strong... 


bringing neighborhood service 
to users of Picker nuclear instruments 


Wherever you are there’s a nearby Picker Service Depot 
dedicated to maintaining your Picker nuclear equipment 
at peak efficiency . .. a national network of local depots 
manned by an army of over 300 skilled service engineers 
whose thorough initial training is continuously 


updated by periodic brush-up sessions. 


Picker alone yin the nuclear field, offers this caliber of 
local service by local Picker employees. It’s always 


~~) at the ready on your own home 


Diptors 
hae ad 








. grounds. It assures uninterrupted depart- 
- menta operation — safeguards your work 


__ Hallmark of quality Nuclear Instrumentation 


Picker X-Ray Corporation, Nuclear Division 
25 South Broadway, White Plains, New York 
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volts—operate in parallel to provide 
the direct current to the test fuel ele- 
ments. A single high-speed circuit 
breaker interlocked with the loop con- 
trols cuts out to protect costly test ele- 
ments when their temperature nears 
the melting point. 

The d-c generators add 1,200 kw of 
heat to the test fuel element; 80 kw is 
added to the primary-loop water by the 
in-line immersion heaters, and ~15 kw 
is added by the main pumps. 


Primary Circulation 


To minimize deposition of crud on 
the test elements, which could lead to 
erroneous data, the primary system 
consists of stainless-steel piping, tight 
joints and zero-leakage pumps. 

Piping. The primary loop is con- 
structed of schedule-160 3-in. and 4-in. 
type-347 stainless-steel pipe. Type- 
347 stainless steel was specified because 
its high-temperature strength results 
in light-weight flanges and low total 
material cost. Carbon steel was not 
favored because of its higher corrosion 
rate. 

Joints. Several flanged joints enable 
removal of valves, flowmeters, test sec- 
tions, loop filters, and other compo- 
nents. The 1,500-lb octagonal-ring 
flanges are used where joint disassem- 
bly is infrequent and where joint in- 
tegrity is essential. Where frequent 
disassembly is required, spiral metallic 
gaskets are used; they offer leaktight- 
ness at low bolt torque, minimal dam- 
age to flange faces and inexpensive 
replacement. 

Pumps. Two 150-gpm canned- 
motor centrifugal pumps, which can 
operate singly or in parallel, supply 300 
gpm at 425-ft head when operating in 
parallel. Canned pumps were selected 
over the conventional gland-type 
limited-leakage pumps because their 
integrity minimizes water chemistry 
and make-up problems. 


Heat Removal 


The nearby Mohawk River is used 
as a heat sink (use of city water as the 
heat sink is out because of a limited 
supply in summer months). But di- 
rect river-water cooling is inadvisable 
without costly water treatment because 
the high metal temperatures in the 
primary-loop heat exchangers would 
cause rapid and serious heat-exchanger 
fouling. These problems are over- 
come by a heat-removal system of 
three independent, completely isolated 


- ig 
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piping systems: (a) the primary system 
or main loop, (b) the secondary or 
cooling-water system, and (c) the 
river-water system or heat sink. Heat 
goes from the primary system to the 
secondary system and then to the 
river-water system. 

Primary heat exchangers. A bank 
of seven parallel-flow concentric-tube 
heat exchangers is used with the 
primary water flowing through the 
inner pipe. Flow through the heat- 
exchanger bank is regulated by a valve 
on the upstream header. A tempera- 
ture-controlled bypass valve shunts hot 
water around the heat exchangers for 
loop temperature control. 

Secondary system. The secondary 
cooling water passes through the 
annulus of the primary heat ex- 
changers. The heat then is trans- 
ported to the tube sides of two shell- 
and-tube heat exchangers piped in 
series, and then passes at 140° F to the 
river-water system. This temperature 
is not high enough to cause serious 
fouling. 

The system is constructed of 4-in. 
copper tubing designed to operate at 
150 psi and 250° F. Because the 
secondary system circulates deionized 
water through the annuli of the hot 
primary heat exchangers, tube fouling 
is much less than it would be if unproc- 
essed river water contacted the 
primary exchangers. 

River-water system. The river-wa- 
ter system, constructed of 8-in. and 
12-in. carbon-steel pipe, can pump 
8,000 gpm at 85-ft head through the 
shell sides of the heat exchangers, which 
are piped in parallel. (To optimize 
heat-transfer capabilities of the various 
heat exchangers, the primary ex- 
changers are paralleled on the primary 
side, the secondary system is paralleled 
on the shell side of the primary ex- 
changers, and the shell-and-tube heat 
exchangers are in series on the tube side 
and in parallel on the shell or river- 
water side.) 

To minimize the temperature at 
which water is returned to the river (a 
local ordinance limits effluent to <6° F 
above river temperature), the dis- 
charge side of the river-water system 
includes a weir box into which all loop 
water is mixed before returning to the 
Mohawk River. 


Water Supply, Purification 


Both the primary and secondary 
systems require pure water. The 





THIS IS THE OUTSTANDING 
COMPANY YOu’LL JOIN... 


C-E is one of the largest commercial 
steam power plant fabricators in the 
world with sales in excess of $350 mil- 
lion a year and is one of the leading 
suppliers of major reactor components 
for both foreign and domestic markets. 
The Nuclear Division is a natural off- 
shoot of C-E’s 80 years of steam power 
plant engineering and construction. 


YOU’LL WORK WITH A 
HAND-PICKED TEAM... 


using the most modern facilities which 
include: Engineering and Materials De- 
velopment Laboratories; Critical Experi- 
ment Facilities; a Core Manufacturing 
plant, as well as an Engineering and 
Administration Building. The Nuclear 
Division, together with the outstanding 
technical staff and facilities of the 
GENERAL NUCLEAR ENGINEERING COR- 
PORATION (operating as a wholly owned 
C-E subsidiary in Dunedin, Florida), 
places C-E in a commanding position 
in the Nuclear field. 


CONNECTICUT LIVING 
WITH COSMOPOLITAN 
CONVENIENCES... 


Located nine miles from the center of 
Hartford, Connecticut, the Nuclear Divi- 
sion is within short driving distance of 
some 50 smaller communities. Boston 
and New York City are only two and 
one-half hours by car over four-lane 
divided expressways. Excellent housing 
and schools are available and New 
England’s famous mountain and sea- 
shore recreational areas are readily 
accessible. 


C-E’s Nuclear Division also operates the 
Stationary Low Power Reactor (SL-1), a 
small boiling water nuclear power plant 
at the AEC’s National Reactor Testing 
Station near Idaho Falls, Idaho. 
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ENGINEERS AND SCIENTISTS 


a career in 
Commercial Nuclear Power! 





Combustion Engineering's Nuclear Division, operating 
under distinguished technical management, has de- 
veloped and is expanding a sound technical capability 
in the Design and Development of high performance 
nuclear power reactor systems. Advanced research and 
development activities in this field involve the appli- 
cation of a broad range of technical disciplines. Physics 
and Mathematics include the development of basic 
reactor theory and related nuclear design; mathematic 
analysis and computer programming; nuclear core 
design and reactor studies involving critical experi- 
ments. Metallurgy and Chemistry for the development 
and improvement of reactor materials with emphasis 
on fuel element technology. Engineering includes the 
design and development of entire nuclear power plants 
for commercial and military applications. Health Physics 
provides services for our laboratory, manufacturing 
and nuclear reactor operations as well as extensive 
consulting services to Atomic Energy Commission con- 
tractors and commercial users of radioactive materials. 
Our Manyfacturing Facility is engaged in process de- 
velopment and the manufacture of nuclear reactor fuel 
elements and core components. 


Combustion Engineering’s Nuclear Divi- 
sion offers career opportunities for Physi- 
cists, Metallurgists, Chemists, Nuclear 
Engineers, Electrical Engineers, Mechani- 
cal Engineers, Chemical Engineers and 
other specialized engineers and profes- 
sional men. Write in confidence to: 

R. N. Killelea, Manager 

Professional Recruitment 

Nuclear Division 

Combustion Engineering, Inc. 

Windsor, Connecticut 
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“CUTIE PIE” 


ION CHAMBER SURVEY METER 


For Alpha, Beta, Gamma radiation. A light weight, efficient survey meter for 
“Wide-Vue" 


| primary system uses reactor-grade wa- 
ter to simulate reactor conditions; the 

high-purity 
formation of 
heat- 


|secondary system uses 


water to 


ae , minimize the 
Freedom from switching transients. 
iscale on 


the 
exchanger tubes. 
Pure-water supply. To obtain high- 
purity water, building steam is con- 
| densed in a helical-coil heat exchanger; 


field and laboratory use. ; : 
geal . Ss F ‘ surfaces of the 
meter and individual range calibration combine to afford convenience, ac- 


curate readings and utmost reliability. Designed and engineered to ORNL 


requirements. 


Energy sensitivity: 40kev for gamma and X-rays, 34 gpm of condensate flows to a 1,500- 
|gal stainless-steel hold tank, 


blanket of nitrogen gas over the stored 


35 kev (approx.) for beta, 2-3 mev for alpha. where a 


Accuracy: +10% of full scale. Battery Life: 


Approx. 200 hrs. water minimizes oxygen absorption by 


the water. A 1-gpm stream 
tinuously circulating through a mixed- 
bed maintains the 
as needed, hydrazine is 


con- 


MODEL CP2: 25, 250 and 2,500 mr/hr full scale $295.00 
MODEL CP5: 50, 500 and 5,000 mr/hr full scale $295.00 
MODEL CP10: 100, 1,000 and 10,000 mr/hr full scale $295.00 


resin deionizing 
water purity; 
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Ge] ectrRONIcCS 


CORFPORATION 


2925 N. BROAD ST., PHILADELPHIA 32, PA.* BALDWIN 6-2300 
AD. AURIEMA, INC., New York 


Export Representatives: 











SURETY 
DRY BOX GLOVES 


handle “hot’’ atomic 
materials faster, safer! 





TYPE 


HAND 
SIZE 


THICK- 
NESS 





LENGTH 





Natural Rubber 
(Seamless) 


Milled —* 
(Seamless) 


Size 
10 


Size 
10 


010 to 
.065 


.010 to 
.035 


24” to 
32” 


24” to 
32” 





Neoprene Latex 
(Seamless) 


Size 
10 


010 to 


.035 


24” to 
32” 





Neoprene 
Speciai* 





All 
Sizes 


*Glove and Sleeve cured together 


Available in a full range of sizes and thicknesses 
in natural rubber, milled Neoprene and Neoprene 
latex—for “full reach” hand and arm protection 
with complete comfort, safety, and full finger 
sensitivity. 

For the glove best suited to your laboratory 
and research needs write today for catalog and 
assistance. 


THE 
2” RUBBER COMPANY 

Carrollton, Ohio 

IN CANADA: Safety Supply Co., Terente 





010 to 


.040 





24” to 
36” 








added to the process stream to reduce 
its oxygen content. 

Primary-loop purification. A high- 
pressure bypass deionizer system en- 
sures that the primary water is main- 
tained at reactor quality during experi- 
ments. A regenerative heat exchanger 
cools the water to less than 120° F 
before it goes to the mixed-resin bed to 
keep the resin 
The system can process 4g gpm and 
water resistivity at 0.5-1.0 
megohm-cm. To avoid installation of 
an additional pump to maintain water 
flow in the bypass, this loop is located 


from decomposing. 


maintain 


across the suction and discharge of the 
primary-loop pumps. 


Control 


Loop operation normally is con- 
tinuous; it is shut down only to change 
test repairs. This 
minimizes the number of thermal 
shocks extends equipment life. 
Because of manpower limitations, 
it takes the facility about eight 
from a cold-iron startup to 
a hot isothermal condition at a 
the loop is 


sections or make 
and 
and 
since 
hours 
attain 
predetermined test point, 
instrumented and automated so as to 
operate unattended for as long as two 
days. 

Fail-safe interlocks ar 
in the primary systems to protect the 


re incorporated 
loop from damage under dangerous 
operating conditions, such as loss of 
flow, over- or under-pressure, 
| under-temperature, and low water level 
pressurizer. In addition, an 
system warns of potentially 
operating 


over- or 


jon the 
alarm 

|dangerous or 
such as loss of instrument 


undesirable 
| conditions, 
air and failure or inadvertent opening 
lof the d-c circuit breakers (power to 
| test section). Failure of water flow or 
| pressure will open d-c circuit 
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the 





breaker so as to protect the test section | 
from the effects of overheating. 
Primary-water temperature control. 
To pre heat the ioop to operating 
temperature, 80 kw of immersion heat 
is available After power has been 
applied to the test section, inlet temper- 
itomatically by a 
valve. The | 
used to maintain | 
when power is re- 
moved from test section and to | 
permit loop operation under essentially THE NUCLEAR 
isothermal conditions for calibration | 
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Pressurizer. 60-kw immersion 
FOR ELECTRON TUBES, 


heater, mounted in the lower head of 
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SEMICONDUCTORS 
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Amperex quality 
electron tubes, semiconduc- 
tors and detection devices are presently adding 
Of syacarenew speed, to the stature of the 30-year-old Amperex name throughout 
4,160-volt feed short the nuclear instrumentation field and in such related areas as Advanced 
upplied with Military Electronics, Mobile Communications, Computers and Test Equipment. 
interference; 
pumps shut The Amperex Applications Engineering Department is available to our 
Startup of the customers for assistance on circuit and application problems. 
torizing the d-c Write to AMPEREX ELECTRONIC CORPORATION, 
| by closing the a-¢ | 230 Duffy Avenue, Hicksville, 
a Long Island, N. Y. 
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CUTIE PIE/ 


T/A Model CP-3 
offers important 
new features! 


@ Alpha-sensitive. 


Built-in alpha and beta 
absorption filters. 


New battery pack provides 
over 800 hrs. operating life. 


Entire battery complement 
can be checked before use. 


Alpha and/or 
beta radiations 
are easily 


rejected by | 


swinging the 


proper absorber © 
into place. 


CP-3 is 
equipped with 
tripod feet 
for table 

or floor 
monitoring. 


wee 


oR 


RANGE SELECTOR SWITCH 
includes 3 test positions 
for checking all batteries 
prior to use. 


T/A Model CP-3 Cutie Pie measures 
and distinguishes between alpha, 
beta, and gamma radiation, and is 
designed for laboratory, reactor, 
and industrial use. This portable in- 
strument features three full-scale 
ranges of 50, 500, and 5000 mr/hr, 
and is especially useful in health 
physics work. 


Write for Bulletin No. 165 


ECHNICAL ASSOCIATES 


PROVIDENCIA AVE 


® BURBANK, CALIF 








FIG. 1. 





FOR WTR, to avoid passing piping for the seven thimbles through the upper 
tank structure, thimbles are of reentrant type in which fivid enters pressure housing vic 
central pipe and returns via annular channel. 


Assembly shown is 18 ft high 


Designing High-Pressure 


In-pile Test Thimbles 


By MAX A. VOGEL 


Westinghouse Electric Corp., Pittsburgh, Pa. 


In-pile tubes, or ‘“‘test 
thimbles,” provide extremely useful 
means of duplicating a variety of en- 

| vironments for testing specimens of 
| reactor construction materials in test 
| reactors. Thimbles of two different 
types have been designed for use in the 
| Westinghouse Testing Reactor (Fig. 1) 
| and in the Materials Testing Reactor 
| (Fig. 2). Both thimbles are designed 
| to operate at 2,000 psi and 600° F. 
| Factors in their design illustrate that 
an in-pile tube is actually a reactor 
vessel in miniature. 

The prime considerations applying 
to in-pile-tube design are general shape 
and mechanical design, material selec- 
tion, pressure and thermal stresses, 
ASME code considerations, hydraulics 
and heat transfer and shielding. 


pressure 


General Shape and Design 


To obtain maximum neutron flux 
in a test thimble, it must be in or close 
to the reactor core. Thus thimble 
design, size and shape tie in closely 





with the test-reactor design. 
The WTR thimbles 
entirely through the reactor core. 


seven pass 
One 
is in the center of the core and six are 
60 deg apart 11 in. from the center of 
the core (but within the core barrel). 
They are 2.5 in. in diameter, which 
makes them interchangeable with fuel 
assemblies. WTR control rods, fuel 
elements and other mechanical devices 
enter from the top; the thimbles are 
inserted from the bottom. To avoid 
extending thimble piping through the 
upper tank structure, the WTR thim- 
bles are of the reentrant type, as 
shown in Fig. 1. The advantages of 
this arrangement over a through-type 
thimble are ease of changing experi- 
ments, short connecting piping, small 
shielding requirements and high fluid 
velocities; the only disadvantages are 
the slightly greater design complexity 
and the relatively high pressure losses 
for a given flow. 

Since the WTR thimbles are 
tended for very diverse experimental 
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use, an autoclave-type high-pressure 
closure and a machine for remotely 
handling the thimbles allows periodic 
insertion and removal of specimens. 
For any type of thimble, allowance 
made for differences 
the 
pipe and 
This can 
omplished with mechanical clear- 
or expansion joints in the jacket 
Where 


be avoided 


generally must be 


in thermal expansion between 


high-temperature pressuré 


voler insulating jacket. 


possible, expansion 
the 
are potential 


inside 
LS they 
sour eakage Stress concentra- 


which might cause fatigue crack- 
should be 


tion, 


ing avoided by having no 
ibrupt metal changes 
MTR. Design of the MTR thimble 
\ ly by the location 
ailable within the reactor tank and 


by the nature of the materials to be 


) 


tested (Fig. 2 


Material Selection 


material 


The ideal in-pile thimble 
tensile 


should have higl iltimate 

strength, high 
ductility after 
therma 


high thermal conductivity 


strength, high creep 


fatigue strengt! high 


irradiation, low expansivity, 


small cap- 
for neutrons and low 


ross section 


ture 


FIG. 2. 


is a U-tube return-bend unit that is inserted in MTR reflector. 
Since materials studies are of prooftest type, specimens are 


near top of MTR vessel. 


cost and should be easy to fabricate. 
No one material has all these 
features; so the best compromise must 
be reached. Zirconium alloy and the 
martensitic 400-series and the auste- 
nitic 300-series stainless steels appear 
to be the most promising materials, 
depending on specific application. 
Zirconium alloy. Zr is best from a 
nuclear standpoint because it has a 
very small neutron-absorption cross 
section; it also has excellent corrosion 


resistance and fair mechanical prop-: 


erties. Its chief disadvantages are its 
high cost and the fact that the ASME 
codes have not recognized it as a 
material for pressure vessels. 
Stainless steels. Despite their 
higher neutron absorption, the 400- 
series stainless steels offer many desir- 
able properties. Their thermal 
ductivity is greater and their thermal 
expansivity is lower than those of the 
300-series stainless steels; thus for a 
given amount of gamma heating, the 
thermal stress of the 400-type is con- 
siderably lower. Also, the 400-series 
can be heat-treated to increase yield 
and ultimate strength appreciably 
without too much loss of ductility, and 
they are somewhat less subject to stress 


con- 


corrosion in halide-containing environ- | 


MTR THIMBLE, for testing materials for reactor for Yankee Atomic Electric Co., 


Piping enters via nozzles 


seal-welded into thimble, which gives leaktight inexpensive closure 
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IDEAL FOR 
SEMI-CONDUCTOR METALS 


quality 
to close tolerances in crucibles and 
special fabricated shapes. Write us 
about your requirements. See our ad 
in Chemical Engineering Catalog. 


SPECTROSIL 
FOR HYPER-PURITY IN 


THERMAL AMERICAN 
FUSED QUARTZ CO INC 
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Looking for 
Nuclear Components? 


Look what C. H. Wheeler 
offers you: 


posto soe 


The experience you want: C. H. Wheeler has been | 


designing and building equipment for atomic energy 
installations since 1939, when the first nuclear chain 
reaction took place; and has been building power 
plant equipment since 1887. 


aa 
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Stress, Pressure Plus Thermal, at Inner Wall (I0psi) 


=) 


0.200 
Wall Thickness (in.) 


PRESSURE-PLUS-THERMAL stress 
vs. wall thickness of ss-316 in-pile thimble 
having 2.5 in. o.d. at 2,000 psi internal pres- 
sure, at various reactor powers. WTR 


0.400 


| thimble wall is 0.165 in.; at 20 Mw gamma 
| heating is 6.3 watts/gm of stainless, pres- 


| exe reised in 


The engineering you need: At C. H. Wheeler, a fully- | 


staffed, imaginative Engineering Department is at 
your disposal, ready to provide new design ideas to 
meet your most exacting requirements. 


The manufacturing facilities you must have—Modern 
precision machinery and highly skilled, experienced 


100-series 


| rosion-product 
| environments 
| than 


sure stress is 14,400 psi and combined 
stress is 26,500 psi 


ments. But since great care usually is 
cleaning in-pile thimbles 
and in maintaining proper loop chem- 
istry, their lesser tendency toward 
stress corrosion does not warrant the 
use of the 400-series over the 300-series. 

The chief objections to the use of the 
the ASME 


increased 


now are: (a) 


codes do not recognize 


strength produced by heat treatment, 
and (b) their rate of insoluble-cor- 
formation in reactor 
to greater 


300-series stainless 


appears be 
that of the 


steels. This explains why practically 


| all existing in-pile thimbles are of 300- 


| series stainless steel even though they 


glandiess valves and many other specialized items. | 
Whenever you see the name C. H. Wheeler on a prod- | 


uct, you know it’s a quality product. 

. Write for information on: 
PRESSURE VESSELS + CANNED PUMPS + GLANDLESS 
VALVES + EAT EXCHANGERS & CONDENSERS 


C. H. Wheeler Mfg. Co. 


Serving I aaa fo Three-Quarters 
Yentury 


| characteristic 


| 
| 
| 
| 
| 


| 
| 


| their mechanical strength. 


have relatively high neutron absorption 


technicians enable us to produce canned pumps, | and a higher thermal-stress coefficient. 


Of the 300-series, types 304, 316 and 


347 are most representative of the 


differences of various 
grades of austenitic stainless steels and 
are the used often. All 
three the thermal-stress 
characteristics. prime differ- 
their to inter- 
granular corrosion when sensitized and 
Type 304 
steel given excellent 
service at the MTR as long as chemical 


ones most 


have same 
Their 
resistance 


ences are 


stainless has 
decontaminants or active gaseous at- 
mospheres have not contacted in-pile 
tubes. Where it is necessary to de- 
contaminate a loop periodically, it is 
desirable to replace 304 stainless steel 


with the stabilized 347 type. 

Type 316 stainless steel has the same 
corrosion characteristics as 304 at in- 
pile-thimble operating temperatures. 
The chief advantages of type 316 are 
that it possesses the highest allowable 
code design stress, the highest stress to 
1,000° F 
and the highest fatigue strength and 


rupture at temperatures of 


lowest creep rate of any of the 300- 
steels. These 


the use of considerably 


series stainless prop- 


erties allow 
thinner walls for holding the internal 
pressure. Since in-pile tubes in high- 
flux reactors probably will have to be 
replaeed because of radiation damage 
long before chemical sensitization oc- 
curs, type 316 is the most logical ma- 
terial its 
resistance against carbide precipitation 


despite somewhat lesser 
and intergranular corrosion. 

Choice of in-pile-thimble insulating- 
jacket 
Because 


material is relatively 
of the 
temperatures here, aluminum 


the The 


lower neutron absorption of zirconium 


easy 


lower pressures and 
serves 
purpose ideally. slightly 
as compared with aluminum does not 


warrant its use because of the high 


cost. 

Pressure, Thermal Stresses 
To 

ated reactors, in-pile thimbles must 

from 


simulate today’s water-moder- 


withstand mechanical stresses 
internal fluid pressures of 2,000—2,500 
psi. Thimbles to 
thermal stresses gamma 
heating of the 


Generally it is desirable to insulate the 


also are subject 


caused by 


tube metal wall. 
pressure tube thermally from its sur- 
roundings; thus the gamma heat must 
flow from the outside of the pressure 
tube to the fluid circulated 
through the tube. 


being 
This results in a 
temperature gradient across the wall 
which induces differential-expansion 
Thermal stresses induced in 


316-stainless-stee! 


stresses. 
a 2.5-in.-diameter 
tube 
gamma-heating rates of 1 watt/gm of 
metal but 
15 watts/gm. 
By using appropriate heat-transfer 
and 
shown that thermal! stress peaks at the 


are not very significant at 


become appreciable at 


stress-analysis relations, it is 


inside of the tube wall and is 
EHa d? 2p? In B e 36? — ] 
p? — 1 26? 
where E = Young’s 


H = heat-generation rate, watts/in.*; 
coefficient of thermal expansion, 
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8k(1 — pn) 
modulus, psi; 


a= 





in./in./° F; d = outside diameter of 
tube, in.; & = thermal corlductivity of 
metal, (watts/in.*)/(° F/in.); = 
Poisson’s ratio; and 8B = d/(d — 2t), 
where ¢ = wall thickness, in. 

High internal pressures can be 
provided for by increasing the tube- 
wall thickness to reduce pressure 
stresses; but this increases the thermal 
stress. The combined stress, pressure 
plus thermal, is a minimum at some 
wall thickness for set values of E, 
H, a, d,k, and pw. Figure 3 shows an 
example, 

Since local stresses in excess of the 
proportional limit are relieved by 
plastic flow of metal, it is possible that 


peak combined stress should not be a | 


design criterion.* gut plastic flow 
results in permanent strains in the 
tube material As the long-term ef- 
fects of nuclear radiation on metal 
properties are uncertain, it seems pru- 


dent to limit combined stresses to the 


value of the yield strength at the | 


expected maximum metal temperature. 
Unfortunate! the ASME codes make 


no provisions for thermal stresses and, 


in effect, allow anv wall thickness | 
required to limit internal pressure | 


stress to safe values 


ASME Code Considerations 


Since in-pile thimbles usually are | 


of such small volume and of such 
application that they fall under the 


jurisdiction of the piping code rather | 
than either the fired- or the unfired- | 


pressure-vessel code it has become 


practice at the MTR to design in-pile 


tubes according to the ASME code | 
for pressure piping. But the in-pile | 


tube is used neither just as a pipe for 
conveying fluid nor as a “fired” vessel 


in the steam-boiler sense Since heat- | 


producing fissioning material might be 


contained by the tube without having | 


any external heating source (resulting 


from the combustion of fuel) applied to | 
it, the ASME code for unfired pressure | 


vessels appears to be the most applica- 


ble one. 


As designed, the thimbles meet the 


fired, unfired, and piping codes (7-9)— 


* This has been confirmed by theoretical 
and experimental work published after the 
thimbles were designed (/0); alternating 
thermal stresses might far exceed the yield 
point of the structural material without 
failure. It is planned to operate the WTR 
test thimbles at a combined stress of over 


50,000 psi (a thermal stress of 36,000 psi | 
when operating at 60 Mw). But this does | 


not invalidate the concept of attempting to 


minimize stresses by optimizing wall thick- | 
ness; it does mean that one can safely oper- | 
ate larger diameter, thicker-walled thimbles | 


than were thought at the time of designing 
these thimbles. 
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PW-600 Packaged Pumping System 
with 3-Position Valve Flange 





With a KINNEY PW-600 Pumping System, you can attain pres- 
sures of 5 x 10° mm Hg, without coolant in the Cold Trap... 
5 x 10’ mm Hg with coolant in the Trap. You can evacuate 
tanks, bell jars, furnaces, tubes, space chambers and many 
other types of laboratory equipment. You can move the PW- 
600 from one area to another. And you'll find operating and 
maintenance costs surprisingly low. 

The KINNEY PW-600 is designed to incorporate maximum ver- 
satility, simplicity of operation and greater convenience for 
the operator. Here is compacted a thoroughly dependable unit 
... rugged, handsome, practical and featuring advanced en- 
gineering for modern research in High Vacuum. 


KINNEY vacuum ovivision 

THE NEW YORK AIR BRAKE chi ¢ 
3614E WASHINGTON STREET- BOSTON 30 - MASS. 
Please send me copy of Bulletin 4000.1 fully describing KINNEY 
PW Series Packaged Pumping Systems. 





Get all the 
facts — write 
for Bulletin 
No. 4000.1 


Name 


Company 





Address__ 





City Zone___State 














PROCEEDINGS OF THE SECOND UNITED NATIONS 
INTERNATIONAL CONFERENCE ON THE PEACEFUL 


USES OF ATOMIC ENERGY (Geneva) 
English edition—33 volumes NOW AVAILABLE 


ROG CHEMISTRY 
ge Melee CNERGY, — $12.50 Vol. PROCESSING IRRADIATED 
Vol. 33 INDEX OF THE PROCEEDINGS $16.50 FUELS RADIOACTIVE 
NUCLEAR MATERIALS 
Vol. 2 SURVEY OF RAW MATERIAL 

RESOURCES, $18.50 


Vol. ROD OF NUCLEAR : TOPES IN RESEARCH, 
MATERIALS AND ISOTOPES, — = 
644 BASIC CHEMISTRY 


P. . " 
Vol.. 5 PROPERTIES OF REACTOR CLEAR ENERGY, 686 p. 
MATERIALS, 627 p. 4. Vol. 29 CHEMICAL EFFECTS OF RADIA 
REACTORS 475 p. 
Vol. 6 BASIC METALLURGY AND BIOLOGY P. yea 
FABRICATION OF FUELS, Vol. 21 HEALTH AND SAFETY: DOSIM- 
720 p. $18.00 ETRY AND STANDARDS, 
REACTOR TECHNOLOGY, 249 p. $10.50 
844 p. $19.50 . 22 BIOLOGICAL EFFECTS O 
NUCLEAR POWER PLANTS, RADIATION, 552 p 
PART |, 584 p. " $14.00 . 23 EXPERIENCE IN RADIOLOGI- 


POWER ’ 
PART 11, 538 p. 17.50 . 24 
ie ite 548 p. $18.50 AND PHYSIOLOGY, PART I, 
REACTOR SAFETY AND CON- 308 p. 

TROL, 608 p. $15.50 . 25 ISOTOPES IN BIOCHEMISTRY 
REACTOR PHYSICS, 774 p. $18.50 AND PHYSIOLOGY, PART 
REACTOR PHYSICS AND ECO- il, 312 p. $11.00 

NOMICS, 635 p. $18.50 - 26 we IN MEDICINE, 59.65 


P- 
NUCLEAR PHYSICS AND IN- . 27 ISOTOPES IN AGRICULTURE, 
ATION, 492 p. $17.00 455 ». $14.00 
PHYSICS IN NUCLEAR CONTROLLED FUSION 
ENERGY, 476 p. $12.50 Vol. 31 THEORETICAL AND  EXPERI- 
NUCLEAR DATA P AND REAC- MENTAL ASPECTS OF CON- 
TOR THEORY, 744 p $18.50 TROLLED FUSION, 390 p. $15.00 
FUNDAMENTAL PHYSICS, Vol. 32 CONTROLLED FUSION DE- 
342 p. $10.50 VICES, 462 p. $15.00 


For further information consult UNITED NATIONS 
your bookstore or: Brochures Sales Section 
available on request New York 
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This article starts on page 116 


| except for stress relief and corrosion 
allowance, for which an exception was 
granted by the State of Pennsylvania. 

In any event, radiation damage 
presently limits in-pile-tube service 
life to an integrated fast-flux exposure 
of 2.6 X 107! nvt; at a fast flux of 
| 1 X 10'4n/cm?/sec this corresponds to 
a service life of about 10 continuous- 
exposure months—or, with normal 
reactor downtime, 13-15 calendar 
months. 





| Hydraulics, Heat Transfer 


To cover the range of present core 
fluid velocities, in-pile tubes must be 
designed so that 10-40 ft/see can be 
| attained past sample specimens. High 
| fluid velocities are particularly im- 
| portant for fuel-element testing because 
| the “burnout” heat flux of fuel ele- 

ments is proportional to the square 

root of the velocity—to double the 
burnout heat flux, velocity must be 
| quadrupled. (The burnout heat flux 
| is that heat flux above which the heat- 
| transfer fluid cannot absorb heat as 
| fast as it is generated by the fuel 
element.) It is desirable to keep the 
peak operating heat flux of a fuel 


| 
| 


| element at least a factor of two below 
| the burnout heat flux. High velocities 
| require small fluid passages in the 
| vicinity of the test sample, 
| To compensate for the high pressure 
| losses through the test samples, flow 
channels leading to and away from 
the test specimens should be relatively 
large. Figure 1 illustrates how this 
| principle is carried out in the WTR 
| thimble. 

Since high-pressure high-tempera- 
ture in-pile tubes usually are immersed 
in low-pressure low-temperature reac- 

| tor water, it is desirable to surround 
| them with an insulating jacket that 
| prevents excessive thermal stresses 
| across the in-pile tube wall, boiling 
| inside the reactor water and excessive 
| heat losses from the test loop during 
| reactor shutdown periods. The in- 
sulating jacket must limit heat losses 
| to the reactor water to low values. 
The simplest method is to maintain an 
air gap between tube and jacket; 
better insulation is obtained by main- 
| taining vacuum in the insulating gap. 
| The thimble for MTR is designed in 
| this manner. 


| Shielding 
Inlet and outlet flow passages of 
in-pile pressure tubes are also good 
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| 


FIG. 4. HELICAL SLOT in WTR thimble pipe 
shields radiation while permitting fiuid flow. | 
Slot has 18 in. pitch; for every 3 ft of bar | 
there is 2 ft of shielding, which corresponds 
to that of WTR pressure vessel } 


If there is sufficient 
between the test sec- 
no additional 
equire d But 

shielding of a 


reduced 


oint 

generally 

reactor 

where pipes | 

For WTR, this is| 

by the helical stain- 

s shown in Fig. 4, which 

nto the flow passages of 
tbe TI 

} 


maximum shielding | 


is arrange- 


id-pressure loss. 
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| At the historic Geneva Atoms-For-Peace 


| clear machine is a bank of low-inductance, 
| energy-storage capacitors...each rated at 


600,000 
amperes 
ale 
harness 


capacitor specialization. If adherence to 
rigid specifications is a ‘must’ on your 
project—call us in to help with creative 
engineering. We invite inquiries for a 
single energy-storage capacitor or a com- 
plete energy-storage system including 
capacitors, racks, interconnecting lines, 
protective devices and charging power 
supply. 


Conference, Los Alamos scientists un- 
veiled Scylla—a fusion device used to heat 
a plasma of ionized heavy hydrogen par- 
ticles millions of degrees by blasting it 


Surrounding the heart of this thermonu- 


100,000 volts, each capable of a 20,000 
megawatt peak surge. 

This unique installation, like others of its 
type, is the result of long experience in 


For further technical information, write 
for Bulletin No. 191 to Cornell-Dubilier 
Electric Corporation, New Bedford, Mass. 


CORNELL-DUBILIER ELECTRIC CORPORATION 
“s AFFIL 


ATEO with FEOERA PaciFic Ee.vecreric COMPANY 
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APPLIED RADIATION 


FIG. 1. 
and large shrink energy. 





IRRADIATED POLYETHYLENE FOOD WRAPPING has gloss, transparency, strength 
Heat sealing below paper container and shrinking with hot 


air make a pear package that admits air at ends but prevents bruising 


Irradiation Is Producing 
Food Wrapping at 10° lb/yr 


Irradiation technology has put on 
display its first large-quantity product 
that can obviously hold its own in a 
competitive market. The product is 
L Film, a heat shrinkable polyethylene 
food wrapping made and marketed by 
the Cryovac Division of the W. R. 
Grace Co. Cryovac has been selling 
the film for more than a year (NUCLE- 
ONICS WEEK, Jan. 28 and Mar. 24), is 
producing it at about a million pounds 
a year, can now produce at double that 
rate and is doubling its present produc- 
tion capacity. The film is made at 
Simpsonville, N. C., where the com- 
pany has an estimated five to seven GE 
resonant-transformers (2-Mev, 10 kw 
each) with a total radiation output of 
50-70 kw. 

Without government subsidy Cryo- 
vac has developed a film that appears 
to be better than the ones that cost the 
same, cheaper than the ones with the 
same performance and unique in many 
of its most useful properties. 

The film production is the first 
radiation process to combine large- 
volume production and obvious com- 
mercial advantage, although it is not 
the first commercial use of radiation. 
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Other radiation processes now appear 
to be meeting competition after early 
Radiation steriliza- 
tion of sutures at Ethicon, once said to 


days of struggle. 


be a bit more expensive than heat 
sterilization (NU, Mar. 59, p. 86), is 
currently about equal in cost or a little 
cheaper. Makers of irradiated poly- 
ethylene wire insulation are trying hard 
to meet the difficult specifications of 
Ray- 


military and space applications. 


chem Corp. of Redwood City, Calif., 
which now has an installed 28 kw of 
radiation power and 90% of the market 
for irradiated polyethylene, is in the 
midst of a 400% expansion and will 
introduce new products at about one 
per month during the coming year. 
Its current annual sales are >$2 X 10°. 


Economics of L Film 


Present selling price of the Cryovac 
L Film is 3¢/1,000 in?. The manu- 
facturer makes it plain that demand 
sets the price, not production cost; it 
is priced to compete with similar films 
but could sell for less and still make a 
profit. 
prices per thousand square inches are 
Videne, 4.36¢; Saran, 4¢; Reynolon, 
3.3¢; Cellophane, 2.7—3.3¢; and ordi- 
nary 2.7¢. Principal 
advantages of L Film are clarity (see 
Fig. 
energy, printability, permeability to 


Comparable films and their 


polyethylene, 
1), gloss, strength, large shrink 


oxygen (it is a “breathing” film) and 
adaptability to automatic packaging 
machinery. 


Production Method 


To make L Film Cryovac extrudes 
polyethylene into a tape, irradiates it in 
a single pass under a General Electric 
2-Mev resonant transformer and then 
stretches it in two directions (Fig. 2). 
This is about all the company engineers 
are willing to tell about their process. 

It is not clear that 
additives in the extruded tape or 
substances are added after 
irradiation. On the other hand, there 
are distinct implications that for food- 


there are no 
whether 
wrapping considerations the film can 


just like 
polyethylene; one can infer that there 


be treated unirradiated 





Characteristics of L Film and Unirradiated Low-Density Polyethylene 


Characteristic 


Cost (¢/1,000 in?) 
Tensile strength (10? psi 
Elongation (% 

Bursting strength (Mullen 
Tearing strength (Elmendorf—gm /mil) 
Heat-sealing range (°F) 

Water absorption, 24-hr immersion 


-psi) 


Irradiated Low-density 


L film polyethylene 
3.0 

$-10 

60-90 

35-45 

10-15 150-350 
300-500 250-350 
0 0 


Water-vapor permeability (gm/100 in*/24 hr at 100° F, 


90% relative humidity) 


0.6-0.7 


Oxygen permeability, 1-mil film (10* cm*/100 ft?/24 hr) 


Maximum use temperature (°F) 
Minimum use temperature (°F) 


180 
— 60 
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FIG. 2. MANUFACTURING PROCESS. 
Film at right passes down into irradiation 
pit, under GE resonant transformer (dome 
at left) and then to stretching process 


are no additives—or at most only a 
small quantity. 

The stretching method is also a care- 
fully concealed company secret. Cry- 
ovac refers to the stretch as ‘100% or 
more,”’ but observations of printed 
films before and after shrinking con- 
vince some that the stretch is by a 
factor of about four in both directions; 
an increase in area, that is, by a factor 
of ~16. The product is available in 
thicknesses between 0.5 and 2 mils. 

tadiation dose is not revealed, nor 
are various numbers from which one 
might compute it: beam power, thick- 
ness of tape before stretching, speed 
under beam. It is generally recognized 
that crosslinking of polyethylene re- 
quires 1-2 X 10’ rads. Perhaps ad- 
ditives can reduce the requirement; 
perhaps Cryovac has found the addi- 
tives; perhaps they can settle for less 
than maximal crosslinking. 

Why radiation? In spite of un- 
certainties, however, it is quite certain 
that radiation is solving many problems 
for Cryovac. The company set out 
to supplement its line of heavy, im- 
permeable polyvinylidine-chloride 
shrinkable films with an inexpensive, 
good looking, breathing film appropri- 
ate for fresh meats, fruits, vegetables 
and bakery products. Ordinary poly- 
ethylene offers small cost, but it is 
dull and cloudy, and when you stretch 
it, it breaks. Chemicals that might 
crosslink it produce more problems 
than they solve; in particular they are 
likely to migrate into food. Radiation 
crosslinks the polyethylene so that it 
can be stretched (biaxially oriented) 
and at the same time makes a trans- 
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HIGH VOLTAGE ENGINEERING 


NEW KNOWLEDGE about the fundamental nature of matter. 


The 12-Mev Tandem Van de Graaff is helping scientists 
explore this dynamic research area. At the Chalk River Lab- 
oratory, Atomic Energy of Canada, Ltd., it is providing new, 
more accurate information in the binding energy range of 
heavy nuclei. Twelve more Tandems are being readied for 
service in leading nuclear physics laboratories in the United 
States, Europe and Australia. 


NEW PROCESSES — The first full-scale commercial application 


of atomic radiation in industry utilizes a High Voltage 
Engineering 7-Mev microwave linear electron accelerator. 
At Ethicon, Inc., a division of Johnson and Johnson, this 
“Linac” regularly sterilizes with ionizing electron-beam 
radiation more than 80% of the total output of the world’s 
largest producer of surgical sutures. 


A KEY WEAPON in the fight against cancer —a 6-million volt 


microwave linear accelerator for x-ray therapy. The unit, 
scheduled for the Elizabeth Steel Magee Hospital, Pittsburgh, 
will be the first of its type in a U. S. Hospital. More than 25 
High Voltage Engineering 2-Mev Van de Graaff x-ray ma- 
chines are now in use for supervoltage therapy in hospitals 
and clinics throughout the world. 


New particle accelerators from High Voltage Engineering are 
designed to provide controlled radiation energy for Indus- 
trial Radiography, Electron-Beam Processing, Physics Re- 
search, Cancer Therapy, Radiobiological Research, Radiation 
Chemistry, and Neutron Activation Analysis. 


‘ 
Ry 


: i ~ Ah a Write for literature. 
HIGH VOLTAGE ENGINEERING 


CORPORATION 


BURLINGTON, MASSACHUSETTS @ U.S.A. 


123 





PIL@T 


SCINTILLATOR B 


greatest pulse height- 
shortest decay time! 


Pilot Scintillator B is the only plastic 
scintillator containing diphenylstil- 


bene ... developed and patented* 
by, and available only from Pilot 
Chemicals, Inc. It has the greatest 
pulse height (90% that of a stilbene 
crystal), and shortest decay time 
(3 x 10-9 seconds) of any commercial 
plastic scintillator. Available in a 
wide variety of shapes and sizes — 
from sheets 0.0005” thick to 16” x 12” 
cylinders. Machinable to virtually 
any design. 


SCINTILLATION GRADE FLUORS 


Extremely high purity; maximum light output, 
high ellie point, Among the more popular 

luors always in stock: Diphenyloxazole, 
Alpha-NPO, POPOP, PBD. 


Do you need a special scintillation plastic or 
— ? Write us for help! Send for Bulletin 
1-N. 


PDOOW 


CHEMICALS, INC. 


36 Pleasant Street, Watertown 72, Mass. 


“U.S. PATENT $2,710,284 
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| APPLIED RADIATION 


| This article starts on page 122 


| parent, material from the 
‘see 
originally dull and cloudy polyethylene. 


gle SSY 


Packaging Use 

| For the packaging 
machinery the outstanding property of 
its shrink energy. The 
basic wrapping process is as follows: 
package with L Film, 
where it overlaps by 


designer of 
the film is 


overwrap the 
| seal the film 
|running it over a hot plate, cool the 
| seal by running over a cold plate, run 
| the package through a shrinking tunnel 
in which hot air (300°-500° F) causes 
the film to shrink around the package. 

The package in Fig. 1 is an example. 
Here the film remains open at the ends 
for air circulation, and the tension 
keeps the fruit from moving. In other 
applications a skin-tight wrap is 
applied. For bakery products one can 
shrink the film around the lip of an 
aluminum-foil pan. 


Safety and the Law 


For more than two years Cryovac 


has been conducting animal-feeding 
tests, 
| tions in cooperation with the 
| foreign governments. The 
'no difference between 
unirradiated polyethylene. 


To the 


two government agencies | 





migration analyses and extrac-| 
U.S. and | 
tests show | 
irradiated and | 


| involved, the Meat Inspection Division | 
| of the Department of Agriculture and | 


the Food and Drug Administration of | 
|the Department of Health, Education | 


and Welfare, there is no 


either. 
rectly to food, the irradiated 
absence 


The 


2-Mev accelerator energy is well below 


one demonstrate an 


| induced radioactivity in the film. 


can 


that required to induce radioactivity 
|in polyethylene. 

In the current turbulence of the new 
food laws and their interpretations, 
polyethylene has a “prior sanction” 
for aqueous foods and a 
extension in which the food industry 


one-year 


can 
and demonstrate its innocence. 
More 175 


use 


than meat and 





poultry 


difference | 
Unlike radiation applied di-| 
film 


| 
| 
| 
| 
i 
| 


requires no special sanction as long as | 


of | 


| 
| 





it in contact with fatty foods | 
| 


|packers are now using L Film; they | 


Armour, Wilson 
Some have asked the manu- 


include Swift, 
Safeway. 
facturer whether the 
and then accepted it after talking with 
the government agencies. Others have 


simply accepted the film after hearing 





tions to its use. 


and | 


film is irradiated | 


that the government raises no objeo-| 


POPOP? 


In this picture, POPOP has been 
photographed under ultra-violet light, 
dissolving in a beaker of toluene. If 
you guessed right, consider yourself 
among the initiated. 

PPO, PBD, and POPOP are scin- 
tillation grade fluors, known chem- 
ically as: 

2, 5-Diphenyloxazole 


Phenylbiphenylyloxadiazole-1, 3, 4 
p-Bis (2- (5-phenyloxazoly!)}-benzene 


Produced by Pilot Chemicals, Inc., 
they’re the purest available, with 
maximum light output and high 
melting point. But don’t take our 
word for it. Send us your name and 
title and we’ll send you a free sample 
of any one of the three. 


Other Pilot Fluors Always in Stock: 
BOPOB-p-Bis (2-(5-p-biphenylyloxazoly!)]-benzene 
BBO-2. 5-Dibiphenylyloxazole 
Diphenylacetylene 
9, 10-Diphenylanthracene 
p, p’-Diphenyistilbene 
ALPHA-NPO — 2-(1-Naphthy!)-5-phenyloxazole 
0-Quaterphenyl 
p-Terphenyl 
1, 1, 4, 4-Tetraphenylbutadiene 
Only Pilot manufactures both 

fluors and plastic scintillators. Write 

for help on special problems. Ask 
for bulletin 591-N. 


CHEMICALS. INC. 


36 Pleasant Street, Watertown 72, Mass. 
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Dr. Dana, delivered from dilemma, digests NUCLEONICS 


at home. Says the Dr., “Delighted, I do declare!” 
SS A LL LLL a 
Over the months, Dr. Dana had his problems out. He couldn’t read NUCLEONICS at home. 
getting his hands on a copy of NUCLEONICS. Finally Dr. Dana tired of all this. He used 
His company subscribed, but the copies were the subscription card tipped into the issue. 
routed. And he was low man on the routing slip. Now Dr. Dana gets his own, personal copy of 
The library wouldn’t let him take bound copies NUCLEONICS. Do you? 
a EE SR 
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FIG. 1. 


radiation scattering by air 


IRRADIATION PIT of University of Florida 6,000-curie 
facility. Above source-storage tank is concrete lid for reducing 


FIG, 2. 


ground-level driveway. 


LARGE-SOURCE FACILITY is approached by below- 


Operating shelter has 8-in.-thick concrete 


walls and 4-in.-thick roof 


Versatile Gamma Facilities 


at the University of Florida 


By J. M. DUNCAN, R. K. STOCK, J. A. WETHINGTON, Jr. and H. J. TEAS 
University of Florida, Gainesville, Florida 


Two relatively low-cost Co irradi- 
ators at the University of Florida are 
used for a variety of experiments. One 
is an 800-curie source in the College of 
Engineering for irradiation of small bio- 
logical and chemical samples; the other 
is a 6,000-curie open-air irradiator at 
the Agricultural Experiment Station 
for living materials. 


6,000-CURIE IRRADIATOR 


The Agricultural Experiment Station 
facility provides a wide range of radi- 
ation dose rates so that experimenters 
can apply (1) low doses for genetic 
effects, (2) medium (10,000-200,000 r) 
in moderate exposure times for food 
pasteurization, production of physio- 
logical changes and pest control in food 
and feed products and (3) large doses 
(2-3-million r) in a few hours for pas- 
teurization and sterilization of food and 
feed items as large as a small ham and 
for chemical studies of radiation effects 
on agricultural products. 

The facility (Figs. 1 and 2) is on a 
5-acre fenced site on the university 
farm, about one mile from the main 
campus at Gainesville. 


Design of Facility 


The radiation pit, 30 ft in diameter 
and 12 ft deep, is constructed of rein- 
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forced, normal-density concrete. A 
12-in.-thick concrete lid over the source, 
supported by four posts, reduces back- 
scatter from the air (‘“‘skyshine”’ radi- 























FIG. 3. COBALT SOURCE is in stainless- 
steel structure. Only 12 of 24 tubes are at 
present loaded with cobalt. Aluminum 
spacers contribute to field uniformity 


ation). Measurements made _ before 
the lid installed the 
necessity for this additional shielding. 
A driveway 12 ft wide and 12 ft deep 
with a switchback (Fig. 2) leads from 
the radiation pit; a portion of the drive- 
way is covered with earth and concrete 
to prevent the escape of low-angle 
radiation. 

The source (Fig. 3) is a cylinder that 


was indicated 


provides a relatively uniform radiation 
field inside and an external field as well. 
It is arranged to make possible extended 
irradiations of potted plants in daylight 
and also large specimens such as fairly 
large trees and cattle. 

Water tank for source storage. A 
2-ft-i.d. water tank in the center of the 
radiation pit is for source storage when 
the source is not in use. A larger tank 
(3 ft 6 in. i.d.) near the side of the radi- 
ation pit was used to load the irradiator 
and provides storage for other sources. 
Both tanks are 13 ft deep and are con- 
nected by a canal 5 ft deep and 1 ft 
wide. A continuous welded-steel enve- 
lope served as an outer form for con- 
struction of the concrete tanks and 
canal. The tanks and canal are pro- 
vided with locked steel covers, indi- 
cated in Fig. 2. 

Source elevator. The 
raised and lowered at 1 ft/sec by two 
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source is 





stainless-steel cables. The motor is in 
a concrete housing outside the radiation 
pit. A follower on the cable operates 
micro switches to position the source at 
its 


stored) 


upper (fully exposed) and lower 


positions. An adjustable 
stopping switch can also be set to stop 
the irradiator at any intermediate 
position 

Colored panel lights in the operating 
the position by 


irst 


house indicat source 


two means. F the cable follower 
operates switches that activate lights 
‘‘unsafe”’ and “‘unsafe, 


to show “‘safe 


completely up” source positions. Sec- 


ond, an electronic radiation alarm 
Brookhaven National Laboratory 
Model EHI-545-1-4C 


‘‘safe”’ 


outside the radi- 
ation pit indicates and ‘“‘dan- 
ger.’ The alarm is set for a threshold 
radiation level to show when the source 
begins to emerge from the water. 
Safety devices. Several safety de- 


vices minimize the risk of accidental 
personnel 


1A 


le " 
piace OV 


exposure 
locked in 
Each 
ular fenced 
r and takes 


steel cover can hy 
er the operating switch. 
who enters the cir 


switch cove 


worker 
area locks the 
the key 


2. Red and green lights in the drive- 
licate “‘safe”’ 


with him 
way and radiation pit 
or “unsate 

3. The radiation alarm operates four 
flashing red lights and a loud horn when 
radiation is above a threshold level. 

4. A battery-powered buzzer in the 
operating house indicates power failure. 

5. A clutch and brak: 


on the elevator motor shaft for lowering 


are provided 
the source in the event of a power or 
motor failure 

6. A solenoid interlock sy 
mits the source to be raised only if the 


stem per- 


gate is closed and locked 
7. A bar is « 
lifting cable just below the level of the 


lamped onto the source- 


steel covers on the sources -storage tank 
before closing and locking the covers 





Dose Rates in Radiation Pit 


Distance jron 


f * 
center of source 


Dose rate 


ft (r/hr) 


8,460 
3,260 
1,630 
9 990 
11 700 
13 510 


* Measured with Victoreen ratemeter 


(November, 1958) 
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it 


FIG. 4, EMERGENCY RELEASE drops source 
from exposed position into storage tank. 
To do this, manually operated cable pulls 
pin from rod supporting 50-Ib lead weight. 
Weight drops, pulling on yoke hanging 
below source, which removes cotter pins 
from cable-to-source connectors. Inserts in 
circles show release-pin assembly (left) and 
source 


Control 
house ~ 




















lull 1 
Scale, feet 


FIG. 5. ISODOSE LINES around 6,000- 
curie source show radiation levels due to 
“skyshine” after installation of concrete lid 
over source (measured in March, 1958) 


and is removed before the irradiator is 
raised. This bar prevents an intruder 
from raising the source manually to 
just below the tank cover. 

8. An emergency release drops the | 
source into the water tank (Fig. 4). 


Radiation Levels 


Radiation levels were measured by 
means: a Victoreen ratemeter 
with four overlapping chambers, a 
Landsverk r-meter and ferrous-ferric 
dosimetry. All dose measurements are 
corrected to November, 1958, 
total activity was ~5,900 curies. 

Within the source. Irradiation of 
materials within the source is made 
easy by a cylindrical metal can 8 in. in 
diameter and 21 in. high supported so 
that the source is raised around it. 
The radiation flux has a maximum vari- 
ation of 1.4% over the central 8 in. of 
the can axis. Dose rate in the center 
of the cylinder was 2.8 X 10° r/hr| 
(November, 1958). 

In the radiation pit. 
source up are shown in the table 


three 


when 


Doses with the 
An 


FOR AIR, WATER, GAS 


Units or systems to 
solve practically any 
monitoring problem. 
Model AM-33R is the 
first air monitor to solve 
the natural radon prog- 
eny problem by provid- 
ing direct identification 
of long haif-life emitters. 


AM-33R $6,580.00 
Others from $1,445.00 


Y ALARM SYSTEM 
This maintenance-free 
“Gammaguard” pro- 
vides an alarm for any 
area where fissionable 
materials are stored, 
used or processed. 
Eliminates central 
power supply. Works 
alone or as part of a 
system. GA-2 $595.00 


Proportional 


Counting Systems 


PC-3A 

$1,395.00 

The only instrument that counts every 
alpha and beta emitted in a 2 pi angle 
from prepared samples. Ideal for 
C-14, Ca-45, P-32 and H-3. No window 
absorption. A four pi model also is 
available. 


GSS-1 $4,180.00 

(Complete System) 

The one system that eliminates “dark 
current” defect. Combines better res- 
olution with greater precision over 
wider range than any other system— 
at any price. Range: 7 kev. to 5 mev. 

All prices are F.O.B. Indianapolis 

PHONE COLLECT (Liberty 6-2415) OR WRITE... 


2460 N. Arlington « Indianapolis 18, Indiana 


International Office 13 E. 40th St., New York 16, WN. Y. 
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Rails 


are doing these jobs 
in ceramics now 


Copyright 1960, Michigan Chemical Corporation 


RE-60-1 


Producing intense and unusually “clean” colors 
such as yellow, blue and pink for porcelain enamel 
glazes. 


Producing microwave ferrite components for use 
in isolators, circulators, switches, and phase 
shifters based on Faraday rotation in circular 
waveguides. 


Producing high neutron opacity cermets and 
ceramics with desirable daughter reaction prod- 
ucts for nuclear control rods. 


Producing excellent dielectric ceramic compo- 
nents for high and low temperature applications, 
and flame-spray coatings for metal components. 


Your current program can now include a screening of 
the many interesting potentials for rare earth oxides 
because these oxides are readily available in quantity. 
We shall be pleased to assist you with your application. 


RARE EARTHS AND THORIUM DIVISION 
MICHIGAN CHEMICAL 
CORPORATION 


682 North Bankson Street, Saint Louis, Michigan 
PRASEODYMIUM « NEODYMIUM « SAMARIUM « EUROPIUM 
© GADOLINIUM « TERBIUM » DYSPROSIUM « HOLMIUM e 
ERBIUM « THULIUM « YTTERBIUM TETIUM © YTTRIUM 


|APPLIED RADIATION 

| This article starts on page 126 
intensity of 114 r/hr has been meas- 
ured at the 13-ft circle with the adjusta- 
| ble stopping switch set near the lowest 
| position. 

Skyshine. Skyshine 


were carried out with Cutie Pie survey 


measurements 
| 

meters before and after the concrete lid 
The data 
obtained after lid installation are shown 
Before lid installation, the 
the 100-ft-radius 
120 mr/hr. After lid 
installation, the corresponding level 
12.5-14.5 Workers _re- 
maining in the operating house are ex- 
posed to <0.5 mr/hr when the irradi- 


was installed as a sky shield. 


in Fig. 5. 
|radiation level at 
fence was 87 


was mr/hr. 


ator is in use. 

Radiation levels over facility. 
Radiation 
with a G-M counter from a small plane 


measurements were made 
|that made repeated passes over the 
with the 


source is in 


source 
the 
position no radi- 
ation can be Cutie Pie 
meters within the radiation pit.) At 
500 ft, the minimum altitude permitted 
for airplanes in this area, the maximum 


irradiation facility 
When the 


“down” or “safe” 


“up.” 


measured by 


dose was 8 mr/hr with the source “up.” 
It was calculated that more than 1,500 
passes would be required by a slow- 


flying airplane for its passengers to 


Operation] 
platform & 


FIG. 6. COLLEGE OF ENGINEERING ir- 
radiator has source in pool below ground 
level. Operating platform and stairs 
can be removed with crane. Upper tube 
| bundle is detachable from lower assembly 
to permit source loading and performing 
experiments at lower level. Upper tubes 
provide extensions of lower-assembly ir- 
radiation tubes but not of cobalt tubes; 
this prevents cobalt removal with upper 
tubes in position 


May, 1960 - NUCLEONICS 






































Alignment 
pINS 
\ 

















FIG. 7. 


and 4¢-in. boiler plates at the bottom. 
and irradiation tubes 


receive a dose of 30 mr. This estimate 
disregards any shielding by the aircraft 
itself. 

Applications. This multipurpose 
facility has proven very satisfactory 
for the anticipated dose requirements. 
It has been used for treating vegetable 
pollen, tomato fruit, radish, chrysan- 
themum, animal feed, pangola grass, 
ornamental shrubs, citrus, peach, con- 
trol of geotropism and placental 
transfer in rats. It has also served for 
student training and laboratory exer- 
cises in nuclear engineering, chemistry 


and botany. 


ENGINEERING FACILITY 


The 800-curie irradiator was designed 
to be as versatile as possible at mini- 
mum cost. Source geometry was fixed 
by the need to facilitate Co transfer 
from the Oak Ridge standard shipping 
container for 1,000 curies of Co. 

The source was placed in a pool of 
with this arrangement, 


water since, 


tube bundles and cobalt can be added 
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LOWER ASSEMBLY of irradiator and woter tank. 
is made of concrete between 4- and 5-ft-diameter culvert pipes 
Assembly includes source 


FIG. 8. 
tubes. 


Tank 


cobalt tubes 


without altering the structure. The 
pool is also convenient for irradiating 
large samples and is an adequate shield. 

The building for this source was 
adapted from an existing, below-grade, 
concrete room ~10 ft deep, shown in 
Fig. 6. Fortunately, the roof could be 
removed with a crane to aid in handling 
the shipping container during source 
loading. Trap doors in the roof and 
working platform facilitate later addi- 
tions of cobalt. 

The underground tank and lower 
tube assembly are shown in Figs. 7 and 
8. Because of the heavy-wall contain- 
ment tube surrounding the cobalt clus- 
ter, three metal seals—the cobalt cap- 
sules, the cobalt-bearing tubes and the 
containment tube—must develop leaks 
for radioactivity to enter the water. 

Radiation surveys were made in the 
vicinity of the tube bundles with a 
Cutie Pie. The escaping radiation is 
well collimated, falling to less than 
0.2 mr/hr at about 50 cm from the 
center line of the tube bundle. Maxi- 


LOWER-TUBE-BUNDLE cross section and details of source 
All tubes are brass. Tubes 120 through 121 contain co- 
balt; 1 through 11 are irradiation tubes; 13 is containment tube for 


mum readings at the floor level are 
8 mr/hr with the shield plugs in the 
irradiation tubes and 120 mr/hr with 
them removed. 

Dose rates measured by chemical 
dosimetry in the sample-irradiation 
zone vary widely with position. At 
the level of the center of the Co®, dose 
rate varies from ~450,000 r/hr for the 
center tube to 57,000 r/hr for the 4-in.- 
diameter tube. It drops to about 50% 
of these values at the upper and lower 
ends of the cobalt region. These dose 
rates were measured in August, 1958. 

Total cost of the facility, including 
labor and materials, was $8,721. Co- 
balt cost was $3,062; additional ORNL 
charges for encapsulation, loading, de- 
cay and handling totaled $915; source 
shipping charges were $408. Irradi- 
ator tank and tube-assembly costs were 
$2,615, and instrumentation was $91. 


This article is based on work supported by 
the U. S. Atomic Energy Commission i:nder 
contract AT-(40-1)-2402. 
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CHEMICAL PROTECTION 
(Continued from page 81) 


Synthesized Products 


Radiation-induced synthesis reac- 
tions can also be profoundly changed 
by protective and promoting agents. 
The decomposition of carbon dioxide 
by ionizing radiation into carbon 
monoxide and oxygen appears to be a 
useful way of storing energy to 
be used through combustion. These 
products are not formed in appreciable 
amounts when pure carbon dioxide gas 
is irradiated, however. Experimental 
investigation shows that carbon dioxide 
is not inherently radiation-resistant 
but that its primary decomposition 
products rapidly recombine to give a 
net yield of zero. If nitrogen dioxide 
gas is added before irradiation, it 
reacts with some of these intermediates 
as they are formed, and the back 
reaction is impeded, Subsequent re- 
actions then produce significant yields 
of carbon monoxide and oxygen and 
regenerate the nitrogen dioxide (87). 

An important potential use of high- 
energy radiation is petroleum cracking, 
and protective agents may enable 
selective conservation of certain prod- 
ucts. A step in this direction is the 
report that addition of dibenzyl to 
irradiated n-heptane allows production 
of other normal and isomerized hydro- 
carbons (88). 

The key to managing the effects of 
ionizing radiation is in the knowledge 
of how various chemical structures can 
modify these effects. Some informa- 
tion on how chemicals protect is avail- 
able, but exploration in the labyrinth 
of possible relations has only begun. 

« od * 


This work has been performed under 
Contract AT (45-1)-1350 for the U. S. AEC. 
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Liquid-Metal Heat 
Transfer Media 


By S. S. KUTATELADZE, V. M. BOUSHANSKII, 


| I. 1. NOVIKOV and O. S. FEDYNSKIl (Translated 


from the Russian and published by Consultants 
Bureau, Inc., New York; Chapman and Hall, Ltd., 


| London, 1959, 148 pages) 


Reviewed by M. P. Hetster, Atomics 


International, Canoga Park, California. 


This book, which is based on Supple- 
ment No. 2 to the Soviet Journal of 


| Atomic Energy for 1958, is devoted to 





problems of utilizing liquid-metal heat- 
transfer media in nuclear power. 
The book does not pretend to be an 
exhaustive presentation, and in this 


| respect should not be compared to the 


Liquid-Metals Handbook, the Sodium- 
NaK Supplement, or the AEC’s Re- 
actor Handbooks. The authors have 
abstracted from these volumes only 


| those data which are of the most im- 





| comprehensive 


mediate practical use to engineers who 
work in those fields of reactor design 
and nuclear power which use liquid 
metal as coolants. 

The volume is divided into 13 chap- 
ters. Nine chapters with the 
theory and the application of liquid 
metal heat transfer. The first of these 
briefly but adequately discusses the 
theoretical aspects of turbulent heat 
transfer in liquid metals. This is fol- 
lowed by chapters on flow in tubes, 
flow around plates, transverse flow 
around free convection, 
vapor condensation, and boiling of 
liquid metals. The chapters on free 
convection, condensation and boiling 
A wealth of ex- 
perimental data is presented, including 
most of the material developed in this 
country during the past ten years plus 
extensive experimental and analytical 
data obtained by the Russians. A 
bibliography of the 


deal 


cylinders, 


are very well done. 


| English as well as the Russian literature 


| is cited. 


On the whole this is a good 


| technical work and should be an excel- 





lent reference source for scientists and 
engineers who work with liquid metal 
coolants. 

The remaining four chapters are 
devoted to discussing the basic prop- 
erties of liquid metals, the application 
of liquid-metal heat transfer media, the 
corrosion of materials by liquid metals 
and the special types of instrumenta- 
tion required in liquid-metal systems. 
With the exception of the chapter on 
basic properties, which presents the 
theory and application of the thermo- 
dynamic similarity principle to the 


study of the properties of liquid metals, 
these chapters contain very little that 
is new in the U. 8. 

The excellent technical content of 
the book is marred by a poor job on 
the part of the translators, who ap- 
parently were not familiar with heat 
transfer and engineering terminology. 
As a result the reader will find many 
parts of the text difficult to understand. 
For example, in discussing the applica- 
tion of baffles to heat exchangers the 
translators conclude that “the appli- 
cation of different types of partitions, 
serving as fortification of the tube 
system and as a lengthening of the path 
travelled by the heat transfer medium, 
in heat exchanging equipment com- 
plicate the choice of analytic scheme 
for determining the magnitudes of a, 
and a; with the aid of equations ob- 
tained in studying the heat exchange 
under the ideal conditions described 
above.” In a number of instances, 
because of the double translation from 
English to Russian then back 
again to English, the meaning of the 
original English text is completely lost. 


and 


In some tables Russian designations 
for steels have not been converted over 
to their comparable ASTM or ASME 
equivalents and the tables therefore 
most of their usefulness. It is 
unfortunate that the translator’s text 
apparently was not reviewed by a 
qualified authority prior to publica- 
tion. Nevertheless, despite the fact 
that a poor translation makes the text 
difficult to understand and poor typog- 
raphy makes it difficult to read, the 
book is still a valuable and welcome 
addition to the technical literature on 
liquid-metal heat transfer. 


lose 


Progress in Nuclear Energy— 
Law & Administration, vol. 10 


Edited by HERBERT S. MARKS (Pergamon 
Press, New York, 1959, xii + 994 pages, 
$26.50) 

For management people, lawyers 
and sales officials working with the 
international atom, this book is the 
indispensable basic reference. Herb- 
ert Marks (chairman of the Federal 
Bar Assn.’s atomic energy committee 
and former AEC general counsel) 
should earn their lasting gratitude for 
his massive work of compilation. This 
comfortably fat book has assembled 
in one place the texts of the basic 
atomic energy statutes, ordinances 
and decrees of 25 countries plus the 
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Euratom “Treat the International 
Atomic Energy Agency Statute, and 
that of OEEC’s European Nuclear 


Energy Agen typical bilaterals, 

international conventions, and com- 

mentaries by experts on the state of the 
atom in 22 of the countries treated. 

the second part of 

onsists OI essays on 

law and administration of nuclear 

energy T re by be | knowledged 

authorities in the specialties: men 

such as Je ey on U.S. atomic 

law, William reb 1 activities of 

state governments r W. Murphy 

( AS pe r W. 

Other articles 

Euratom, 

British 

tion, and an 

Sporn on 

Rational 

Nuclear- 

JK 


Nuclear Ship Propulsion 


By HOLMES F. CROUCH (Cornell Maritime | 
Press, Cambridge, Md., 1960, xxii + 347 pages, 
$10) 

Dedicated te oO ho design, 
yuld, operate, manage laintain, pay 
for, and travel on nuclear ships,” this 
hook vrittel e author says, “‘to 
enhance the unders ling of nuclear 

empts_ to 

the com- 

ir-marine,’”’ 

erpretation 

that a 

ekground 

Can gain a st i nderstanding of 

the applica ( s1 fuel source 
to propulsior 

The book assum yme familiarity | 
with engineering nique but is | 
written [or I most part In an easy} 

non-technical 

g other topics 

heat removal, shield-| 

lesign safety” and| 

ind health physics, 

includes a ip on gas reactor] 
turbines, and another on areas for 
breakthroug! the author likes the] 
UF, gas direct-feed reactor, also BF; 
gas as control material He leans 
heavily on Savannah design for his 
practical examples; and properly keeps 
one weather eye cocked on economic | 
effects of technical variables JK 
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Decimal Electronic Switch 


Decimal electronic switch (above) uses small rod magnets within vacuum envelope 


to fix position of electron beam at any one of ten output positions. 


Internal 


magnets greatly reduces size, weight, cost and power of the switch over external- 


magnet types. 


elements and memory in each of its ten positions. 


Switch has useful constant-current outputs, positive switching 


It can remain stationary in- 


definitely or switch at speeds exceeding 10 Me either sequentially or at random, 
be interconnected as a distributor of any number of positions less or greater than 


10 and be preset to any position and reset in less than a usec. 


In vacuum-tube 


circuits, outputs up to 200 v can be obtained; in transistor systems 12-v signals 


can operate it. 


Current is available at each position to activate visual readouts, 


show progress of count, activate a printer or perform useful work at the end of a 
preset count.—-Burroughs Corp., Electronic Tube Div., Plainfield, N. J. 


Hinged Expansion Joints 


Hinged expansion joints (above) that 
permit a piping system to be entirely 
self-supporting are used for piping sys- 
tems that, because of their size or loca- 
tion, cannot be supported or anchored 
by conventional means. Bellows tor- 
sion is prevented resulting in more 
stable piping system. Since standard 
model is designed to take rotation in 
one plane only, these units are used in 
combinations of two or three.—Zallea 
Brothers, 815 Locust St., Wilmington 
99, Del. 
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Indicating Transmitter 


Indicating transmitter for low-to-me- 
dium pressures can be located to pro- 
vide pressure indication at the point of 
measurement or within 300 ft on an 
Unit can simulta- 
neously transmit pressure measurement 


easy-to-read dial. 


electrically to remote recorder or indi- 
cator. Pressure measurement of air or 
noncorrosive gases ranges from 0-0.2 in. 
to 0-0.120 in. water and for static pres- 
sure up to 65 psig.—Hays Corp., 
Michigan City, Ind. 


Film Scintillators 


Film scintillators with fast resolution 
time and ability to discriminate against 
gamma-rays and fast neutrons are used 
as fast detectors of heavy charged par- 
ticles and fission fragments. Adding 
layer of fissionable material yields ther- 
detector. Film stock 
ranges from 1¢ to 5 mils thick and is 
11 in. in dia.—Pilot Chemicals, Inc., 
36 Pleasant St., Watertown 72, Mass. 


mal-neutron 


Rubber Radium Containers 


Rubber ovoids, molded from black rub- 
ber in three sizes, are used as containers 
for radium capsules in therapy. The 


center of ovoid has }4-in.-dia hole for 
three quarters of its length. Sealed 
Pt-Ir tube containing radium sulphate 
is inserted there. Two ovoids locked 
together by molded rubber washers be- 
tween them are placed in patient for 
three days and are then destroyed. 

Dunlop Rubber Co., London, England. 


Medical Geiger Counter 


Two Geiger counters for medical labo- 
ratory use weigh 434 lb each and are 
extremely rugged. Model GS-3 is cali- 
brated in epm and GS-3L in mryhr. 
G-M tube is encased in rubber-tipped 
shield to provide the tube with maxi- 
mum protection against shock. Di- 
mensions are 314 in. X 64¢ in. X 7}¢ 
in.—Nuclear Measurements Corp., 
2460 N. Arlington Ave., 
18, Ind. 


Indianapolis 


Nal Crystal Assembly 


Nal(TI) crystal assembly (above) per- 
mits use of smaller-diameter photo- 
multipliers to view crystals 4-in. dia 
and larger and enjoy the good energy 
For low- 
background counting applications cop- 


resolution of smaller systems. 


per or stainless-steel containers are 


available. Special multiplier photo- 
tube with a low-background tube base 
All standard matched 
window assemblies are designed to ac- 
cept DuMont Type 6363 photomulti- 
pliers—The Harshaw Chemical Co., 


1945 E. 97th St., Cleveland 6, Ohio. 


is also offered. 


High-Vacuum Gate Valve 


Air-operated control for high-vacuum 
gate valve enables 180-deg rotation of 
valve stem. Clearance for actuater is 
4in. from valve body; closing time is 0.2 
sec at available pressures. Employ- 
ing rack-and-pinion principle, air moves 
the cylinder to turn pinion gear mounted 
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Research Engineers 
and Scientists 


needed for continuing expansion 
in nuclear technology at 


Atomics International 





Heat Transfer and Fluid Mechanics. Both theoretical and 
experimental heat transfer research, fluid mechanics and 
hydraulics research, including hydro-dynamic performance 
of fuel elements, and investigation of convective and boiling 
heat transfer characteristics of reactor coolants. 


Reactor Analysis. Complete nuclear, thermal and structural 
analysis including criticality, flux and power distributions 
and fuel cycle analysis. 


Systems Analysis. Analysis and simulation of complete 
nuclear power plants to develop reliable, unattended, com- 
pletely automatic control and instrumentation systems, in- 
cluding reactor kinetics, dynamics, hazards and reliability 
analysis. 


Reactor Shielding. Experimental and analytical shielding 
techniques and materials development for both central sta- 
tion and compact power reactors. 


Reactor Operators. Engineers to install, operate, maintain 
and modify compact reactor power plants. Good knowledge 
of test instrumentation required. 


Reactor Power Plant Engineers. To assume full responsibil- 
ity for planning execution and analysis of test reactors and 
power plants leading to fully automatic, remote systems. 


Space Environmental Testing. Component development and 
space environmental testing of nuclear power plant compo- 
nents including high vacuum, vibration, shock, thermal and 
orientation testing. 

Process Development. Develo, ment of chemical processes 
for organic cooled and moderated reactors on bench and 
pilot plant scale. 


Radiation Effects. Analysis of radiation effects on organic 
and solid electronic materials, including experimental deter- 
mination of physical and thermal properties of organic fluids 
at elevated temperatures. 


Process Instrumentation Engineers. Thorough knowledge of 
process instrumentation and control systems. Background 
should include experience in chemical process plant, refin- 
ery, power plant or reactor instrumentation. 


For specific details write: Mr. C. E. Newton, Personnel 
Office, Atomics International, 8900 DeSoto Avenue, 
Canoga Park, California. 


ATOMICS INTERNATIONAL ATS 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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Metallurgists 
and 
Engineers 


Reactor Materials. Investi- 
gation and analysis of me- 
chanical and physical prop- 
erties of nuclear fuels and 
materials for high tempera- 
ture reactors. Development 
of ferrous and non-ferrous 
alloys. 

Fuel Element Engineering. 
Complete analysis and de- 
sign of fuel elements in- 
cluding nuclear, thermal, 
material, mechanical and 
cost analyses. Theoretical 
determination of creep and 
stress under all operating 
and fuel handling condi- 
tions. Environmental and 
non-destructive testing 
Fuel Fabrication. Develop- 
ment of equipment and proc- 
esses for fabrication and 
assembly of fuel elements. 
Develop melting, alloying, 
forming, welding and join- 
ing processes for new alloys 
and ceramic materials. 
Corrosion Research. Corro- 
sion and heat transfer re- 
search on new materials and 
advanced liquid metals at 
elevated temperatures. 

Hot Cells. Design and devel- 
opment of ‘hot cell equip- 
ment and processes. Remote 
handling of radioactive ma- 
terials, especially metallur- 
gical and physical testing. 


Irradiation Experimentation. 


Design and conduct irradia- 
tion experiments on reactor 
fuels over wide range of 
radiation and temperature 
conditions, including simu- 
lation of conditions expected 
in full scale power reactors. 
Development of equipment 
and techniques for post- 
irradiation testing and eval- 
uation of these experiments. 


For specific details write: 

Mr. C. E. +Newton, Personnel 
Office, Atomics International, 
8900 DeSoto Avenue, Canoga 
Park, California. 


atomics <tt> 


Seamer 


INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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on valve stem. Piston is fixed and 
cylinder carries the rack.—Vacuum Re- 
search Co., 420 Market St., San Fran- 
cisco 11, Calif. 


3-D Television 


An‘*advanced system of stereoscopic 
closed-circuit TV has been developed 
to meet the requirements of the nuclear 
industry. Two camera channels 
(above) are mounted side-by-side and 
arranged to relay pictures onto two 
monitors. Pictures from these are then 
superimposed on each other by means 
of a mirror and polarized glass, to form 
a single image. When viewed with 
polarized spectacles this produces a 
realistic three-dimensional picture. 
Features include simplicity of setup and 
control and novel arrangement for 
achieving the human eye’s ‘angle of 
squint’ by mechanical means.—E. M.I. 
Electronics Ltd., Hayes, Middlesex, 
England. 


32-Channel Time Analyzer 


Time analyzer (above) can accurately 
count and store digital information in 


Department starts on page 134 


32 consecutively-gated ehannels. 
Channel sealers have a double-pulse 
resolution of 1 wsec. Channel widths 
can vary from 1 usec to 0.08 sec and can 
be identical or weighted with last chan- 
nels up to 8 times width of first. Each 
channel has two electronic counting 
units and 4-digit mechanical register to 
provide storage of 10° digits. Each 
channel can count pulses beginning no 
more than 1 usec apart at rates to 2,500 
cps.—Eldorado Electronics, 2821 Tenth 
St., Berkeley 10, Calif. 


4x Proportional Counter 


New 4n proportional counter has unique 
gas lock to eliminate flushing-time de- 
lays and permit more samples to be 
counted. Integral preamplifier assures 
maximum sensitivity and improved 
plateau characteristics and permits long 
cable leads. Spherical counting cham- 
ber is 24g in. dia and anode loops are 
(0.002-in. stainless-steel wire.—Nuclear- 
Ohio, Ine., 27105 Knickerbocker Rd., 
Bay Village, Ohio. 


Continuous Air Monitor 


Continuous air monitor (above) moni- 
tors the gross 8-y air particulate activ- 
ity under varying weather conditions. 
Continuously moving filter is counted 
and presented on front-panel mounted 
max-min alarm-type meter. Any 0-10 
millivolt potentiometer-type recorder 
can be used with monitor.—Eberline 
Instrument Corp., P. O. Box 279, 
Santa Fe, N. M. 


Multipoint Recorder 

Multipoint strip-chart recorder is easily 
converted to change number of points 
being measured, the actuation or the 
range. Measurements can be switched 
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GASES 


All LINDE atmospheric gases are 
produced under continuous Mass 
Spectrometer Control — offering the 
highest possible purity for nuclear 
processes. 

Huge production facilities and a 
widespread distribution system make 
it possible for LINDE to supply large 
quantities of these gases and mix- 
tures throughout the country— in 
bulbs, cylinders, or liquids via trucks. 
These unique capabilities are the re- 
sult of SOyears of pioneering research 
and development work in rare gases 
and their behavior. 

LINDE gases serve as refrigerants, 
aid in radiation detection, and effec- 
tively shield materials and equipment. 
In reactor assemblies, they serve as 
purge gases, assist in heat transfer 
and fuel element processing, and pro- 
tect EBR-type reactor piles. In instru- 
mentation they are used as fill-gases, 
insulation for high-voltage terminals, 
and in gaseous scintillation counters 
and radiation intensity measuring 
devices. 

For complete data on gases, write 
for a copy of F-1002C, “Linde High 
Purity Gases.” Address Dept. NU-05, 
Linde Company, Division of Union 
Carbide Corporation, 30 East 42nd 
Street, New York 17, N. Y. Jn Can- 
ada: Linde Company, Division of 
Union Carbide Canada Limited, 
Montreal 7. 


MONATOMIC 

DIATOMIC 

RADIOACTIVE 
SPECIAL MIXTURES': 
COMBINATIONS: 


- > LINDE [ UNION 
COMPANY | CARBIDE 
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from 2to3,4,6.. 
changing a shorting plug and appropri- 


up to 24 points by 


ate indicating and prints wheels 


Minneapolis- 
Wayne & 
14, Penna 


Brown Instrument Div. 
Honeywell Regulator Co 
Windrim Aves., Philadelphia 





|Glove Box 


| Glove box (above) passes incoming al! 
through Fiberglas filter and exhaust air 
through an absolute filter with 99.97 ‘ 

efficiency for particles down to 0.3 yp 
Rubber lead 
loaded neoprene gloves can be used in 


S-1n 


| dia. neoprene and 


Basic accessories include 


ports. 
internal safety pan, sealed interchange 
box, polyethylene liner and close-cap- 
ture fume hood assembly Hamilton 
Manufacturing Co., Two Rivers, Wisc. 





'Scaler-Ratemeter 
| Model 


can operate with organic- 
| quenched G-M 


lreadouts include decimal-s 


150 secaler-ratemeter (above 
Or halogen- 


Available 


aler count 


counters 


audible sound 
of 500, 
Integrating 


ratemeter reading and 
Linear ratemeter has 
5,000 50,000 
time constants of 
selected Packard 
|Ine., P. O. Box 428 


ranges 
and cpm. 
1 and 16 sec can be 
Instrument Co., 
Ill. 


LaGrange 


Plastic Shoe Covers 
ers offer 100% 


protect ion from contamination. Made 
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Durable plastic shoe cov 








. | 
with nonslip soles, boots are water- 


proof, dust proof, and washable.—De- 
fense Apparel, 115 Allyn St., Hartford, 
Conn. 


Cathodic Vacuum Etcher 

Cathodic vacuum etcher (above) re- 
veals microscopic structures due to the 
selective removal of atoms by positive 


ion bombardment from a cathodic sam- | 


ple in a glow-discharge system. Glow 


discharge is initiated by applying high | 


d-c potential between two electrodes 
one of which is the specimen) in a par- 
tial vacuum. Variable-voltage power 
supply delivers up to 5,000 v and 50 ma 
rectified d-c current. Vacuum system 
includes mechanical pump, diffusion 
pump, three manually operated vac- 
uum valves, flushing valve and con- 
trolled inert gas-leak regulating valve. 


Etching chamber allows for mounted | 


etching specimens up to 34 in.? or 1 in. 
dia or unmounted cylindrical specimens 
114 in. dia.—Nuclear Materials and 
Equipment ( orp A pollo Penna. 


Thermal-insulation Cement 


Castable, quick-set, one-coat insulation 


cement can be packed by hand, | 


troweled, injected, palmed, sprayed or 


poured to any thickness without shrink- | 
age. Itis nonrusting and noncorrosive | 


| 
to metal and materials Premolded | 


jackets for pipe fittings of any size can 


be made in two pieces.—Thermold | 


Products Co., Grandview, Mo. 


Pipe-Fitting Insulation 


Molded fiberglass insulation for stand- 


ard pipe fittings is available in four | 
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Catalogues 


RADIOACTIVE CHEMICALS 
RADIOACTIVE SOURCES 


Information on the comprehensive 
range of radioactive materials 








offered by the Radiochemical 
RADIOACTIVE Centre is now conveniently divided 
CHEMICALS into two catalogues. The catalogue 
of Radiochemicals includes 
information on primary isotopes 
and labelled compounds of interest 
to all who use radioactive tracer 
methods and also radioactive 
pharmaceuticals. The catalogue of 
Radioactive Sources contains 
information on sealed radioactive 
sources and appliances of interest to 
research workers, radiotherapists 
and industrial users of ionising 
radiation. Both catalogues also 
include information on radioactive 
reference sources for calibrating 








RADIOACTIVE instruments and on irradiations in 
SOURCES the research reactors at Harwell. 


REQUESTS FOR THESE 
CATALOGUES ARE INVITED 


THE RADIOCHEMICAL CENTRE 


AMERSHAM - BUCKINGHAMSHIRE - ENGLAND 











PN eee), Bae 


for Precise 


nuclear 
laboratory 


equi pme yi 


> 














Portable Survey Meter Sample Changer 


A complete, highly versatile line of nuclear tubes and instru- 
mentation is available for your most exacting research, med- 
ical and industrial counting applications. 


For laboratory, industrial and field use, Anton offers a 
diversified group of instruments, all designed for speed, 
accuracy, efficiency and economy. Whether your requirements 
call for survey and monitoring instruments, ratemeters, special 
systems or control devices, we can supply units that have 
proven their superiority in numerous industrial and govern- 
ment nuclear installations. Typical of such instruments is the 
company’s precision laboratory ratemeter—the first commer- 
cially available log-linear count ratemeter. This instrument 
has a recorder jack, is ideally suited for analytical work and 
is widely used for chromatogram applications. (Request 
Bulletin 59-1.) 


|PRODUCTS & MATERIALS 
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| thicknesses from 4g to 2 in. Each 
| fitting comes in two accurately molded 
| halves which are installed with staples, 
| soft wire or tape.—Fibrous Glass Prod- 
ucts, Inc., Sub. of PALL Corp., Alpa 
Plaza, Hicksville, L. I., N. Y. 


Six-Channel Recorder 


Six-channel recorder provides six inde- 
pendent nonoverlapping and continu- 
ous records within unit only 1234-in. 
wide X 913/,-in. high and 834-in. deep. 
Chart speeds are available from 14 in. 
hr to 24 in./min.—Princeton Div., Cur- 
tiss-Wright Corporation, Princeton, 
te 





Compact Canned Pump 


| Low-cost, compact, leakproof pump 


can pump up to 1,500 gpm and produce 
heads up to 20 ft. All wetted-metal 
parts are stainless steel. Leakage is 
eliminated since there is no stuffing box 
or mechanical seal. Pump can be used 
for pressures to 150 psi and tempera- 
tures to 220° F.—Dynapump Div. 
Fostoria Corp., P. O. Box 35-5, 


> 


Huntington Valley, Pa 


LITERATURE AVAILABLE 


Shirt-pocket radiation alarm. 4 pp.; 
Gelman Instrument Co., 106 N. Main 
St., Chelsea, Mich. 











End Window Counter 


309 Gamma Counter 
BF, Neutron Counter 





For truly precise counting requirements Anton manufactures 
more than 100 varieties of neutron detectors, halogen quenched 
counter and integrator tubes, organic quenched, and other 
types of alpha, beta and gamma detectors. If your specific 
application is not covered by our tube catalog, we can develop 
detectors and systems to fill your need. (Request Bulletin 59-T.) 


Our research and engineering group is ready to consult with you 
on specific nuclear component and instrumentation problems. 


[MONIC LABORATORIES, IM 


1226 FLUSHING AVE., BROOKLYN 37, N. Y. 








Nuclear training system, radioisotope 
laboratory. Bulletin 131, 4 pp.; 
Nuclear-Chicago Corp., 333 E. 
Howard Ave., Des Plaines, Il. 


Instruments for radiation measure- 
ments. 12 pp.; Landsverk Electrom- 
eter Co., 641 Sonora Ave., Glendale 

1, Calif. 

Mechanicalarm. 4pp.;General Mills, 
Nuclear Equipment Dept., Min- 
neapolis, Minn. 


| Plug valve actuator. 4 pp.; Bettis 


Corp., 320 S. 66th St., Houston 11, 
Tex. 


Rotary, linear and valve actuators. 
15 pp.; Jordan Controls, Inc., 3235 
W. Hampton Ave., Milwaukee 9, 
Wis. 


| Automatic emergency lighting. Cata- 


log LW-1, 8 pp.; Electric Cord Co., 
432 Plane St., Newark 2, N. J. 
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if you are not subscribing to NUCLEONICS 


urd below to place your subscription 
[OPY INSURES UTMOST PERSONAL BENEFIT 
SONICS for 1960 





NOTHING 
We will bill you 


~ores and Pri- 
g current infor- 

> A %4. 

es 24- of order Only if yow prefer to 


Atomic 
NOTE TO PRESENT SUBSCRIE 


Materials 
This is not a notice for renewal # 
subscribing. Card is _ intended 
subscriptions. We shall appreciate 
» Plant and 


glong this insert to one of yo 


might profitably sybscribe 


PON BELOW NUCLEON 


Enter my new NUCLEONICS subscription... 


' 
YEAR $8 FOR THREE YEARS, $16 (You save $8.) | 


D HERE’S THE MONEY 


| 
Position.... 


MAIL AT ONCE ...to start service promptly. 


vear) Canede $10, Latin America $10, Other $15 





This Special Card’ 


is your new subscription invitation 


a 


Reflecting the sta N publication’s field, NUCLE 
years has. gained 1 f 
the world. W 

You 


pron 


N - ) 

Radiation Pr tio : ation Waste 

menta mic P Progress; Reactor | 
New Eaquvipm Publications; International 
Atomic Pe lit e shifts and changes 


SEND NO MONEY -.- - See other side for handy coupor 


* Please note that offer is f ew subscriptions only 
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REPLY MAIL | 
ssary if Mailed in the United States | 


POSTAGE WILL BE PAID BY — 
McGRAW-HILL PUB 
NUCLEONICS 
10 WEST 42nd STREET 
NEW YORK 36, N. Y 











Gas compressors. Bulletins LAH- 
158, LAL- 458, 8 pp.; 

Rotary positive gas blowers. Bul- 
lctins RB-154, RAS-158, AF-258; keep your eye on 
Roots-Connersville Blower, Div. of 
Dresser Industries, Inc., 900 W. 
Mount St., Connersville, Ind. 


Alpha detector, gamma-flow detec- 
tor. Datasheets 118 and 119, 4 pp.; Now eee 
Nuclear Enterprises Ltd., 1750 Pem- 


bina Highway, Winnipeg 9, Canada. the latest version 


Electron tubes and semiconductors. of the 
Production, consumption and trade 
in selected European countries; DD-2 
34 pp.; Superintendent of Docu- 
ments, U. 8. Government Printing Non-Overload 
+ 


Office Washington 25, D. C. 25 


ie. NT Linear 
Transistor amplifiers. 2 pp.; ae Amplifier 


srown Re search Corp Box 6444, i 


— ORNL Q1593 


Series E-100 electrometers. 2 pp.; 
Gyra Electronics Corp., P. O. Box | 
184, La Grange, Il. 





High-voltage power supply. 10 pp.; | 
Wm. B. Johnson & Associates, Inc., 
P. O. Box 415, Mt. Lakes, N. J. 


Servo system simulators. 6 pp.; Servo 


Corp. of America, 111 New South 
Rd., Hicksville, L. L., N. Y. | 


Nuclear research and process control 
instruments. Catalog D-100, 8 pp.; MODEL 851 
Eldorado Electronics, 2821 Tenth 


St serkeley 10, Calif 


Panel-mounting electronic voltmeters. 
15 pp.; Metronix, Inc., Chesterland, Yes, Victoreen has it— 
Ohio. the latest version of the 
ORNL DD-2 amplifier. 
Stainless steel tubing. 34 pp.; Al- Victoreen’s Model 851 
legheny Ludlum Steel Corp., Pitts- Linear Amplifier is now the 
burgh 22, Pa standard of the industry. 
For scintillation spectrometry, 
Aluminum tube-plate extrusions. #14, | reactor control, and other 
2 pp.; Precision Extrusions, Inc., applications requiring high gain, 
Bensenville, II] fast resolution, good linearity, fast 
overload recovery—you’ll need the 
Inconel heat exchanger tubing. STC- Victoreen Model 851 DD-2 amplifier. 


107, 3 pp.; Superior Tube Co., 


NGC ECR RON HOR PAN 


Norristow n Pa. 


Precision tubing. 4 pp.; Damascus : 
Tube Co., Greenville, Pa. The Victoreen Instrument Company 
5806 Hough Avenve * Clevelond 3, Ohio 
Export Department, 135 Liberty Street, New York 6, N. Y. 


Vacuum-induction-melted alloys. 14 | , TRARUEI, Now York 


pp.; Kelsey-Hayes Co., Metals Div., 
New Hartford, N. Y. 





Data for shielding materials. 32 pp.; 
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~ COMPLETE POST-IRRADIATION 
SERVICES AVAILABLE AT 
GENERAL ATOMIC’S 

‘HOT CELL FACILITY 


The megacurie Hot Cell Facility at General Atomic Division of General 
Dynamics Corporation in San Diego, California, is now offering post- 
irradiation services to other organizations —both private and gov- 
ernmental. In addition to skilled operating personnel associated with 


the facility itself, scientific staff of the many departments of the John 


. Jay Hopkins Laboratory are available to give specialized assistance in 
research, examinations and tests of an unusual nature. 
, General Atomic’s Hot Cell 


§ of investigations, including : F 


f ities, completely integrated with 
handling of full-size power reactor fuel 


elements. - 
For more information and descriptive literature, write: Office of Pro- 
i en opment, Genera a Division, P.O. Box 608, Dept. N, San 
iego 12, Californi 


£ 


| 
| 


| 
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Knapp Mills Inc., 23-15 Borden 
Ave., Long Island City, N. Y. 


Hinged closures. Bulletin TT956R, 
6 pp.; 

Bellows expansion joints. 24 pp.; 
Tube Turns, Div. of Chemetron 
Corp., Louisville 1, Ky 


Electronic welding equipment. 4 pp.; 
Weldmatic Div., Unitek Corp., 380 
N. Halstead Ave., Pasadena, Calif. 


Standard flexible shaft assemblies. 
Form 574, 8 pp.; F. W. Stewart 
Corp., 4311-13 Ravenswood Ave., 
Chicago 13, Il. 


' 
| Mechanical remote control systems. 





11 pp.; Teleflex Incorporated, Nu- 
clear Products Div., North Wales, 
Pa. 


Controlled volume metering pump. 
Bulletin 1153-C, 4 pp.; Milton Roy 
Co., 1300 E. Mermaid Lane, Phila- 
delphia 18, Pa. 


Nuclear valves. 4 pp.; Alloy Steel 
Products Co., Nuclear Div., Linden, 
N. J. 


Regulating relief valve. 2 pp.; Atlas 
Valve Co., 280 South St., Newark 5, 


N. J. 


Ball valves. 4 pp.; Jamesbury Corp., 
Worcester, Mass. 


Level, flow, pressure, temperature nu- 
clear power controls. Consolidated 
Controls Corp., Durant Ave., Bethel, 
Conn. 


Low-inductance energy-storage ca- 
pacitors. Bulletin 191, 11 pp.; Cor- 
nell-Dubilier Electric Corp., 8. Plain- 
field, N. J. 


Transistor electronic computing sys- 
tem. 6 pp.; Royal McBee Data 
Processing Div., Port Chester, N. Y. 


Memory tester. 4 pp.; Digital Equip- 
ment Corp., Maynard, Mass. 


Computer-language translator. 20 
pp.; Electronic Engineering Co., 1601 
E. Chestnut Ave., Santa Ana, Calif. 


High-speed printer/plotter system. 
4 pp.; Briggs Associates, Inc., 10 
Dekalb St., Norristown, Pa. 
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INDUSTRY NOTES 





@linternational Anti-Radiation, Ltd., 
has been established in British Colum- 
bia, Canada, to manufacture containers 
for disposal of radioactive wastes. 
The firm will also manufacture nuclear 
shelters. Its first order for waste 
containers was just under $1-million— 
for 1,500 high-pressure spherical vessels 
of 53-gal capacity for AEC wastes. 


@ Charlies Walsh Associates has been 
named sales representative for Instru- 
ment & Development Products Co., 
Inc., Chicago. 


@ Vitro Chemical Co. is consolidating 
its manufacturing activities—all chem- 
icals will be produced at Chattanooga, 
Tenn., except uranium concentrates 
(produced at Salt Lake City). The 
move means shutdown of a plant at 
Canonsburg, Pa. 


@ AEC has released 80 patents it owns 
for use by the public under nonexclu- 
sive, royalty-free licenses. 


@Two studies for AEC on the com- 
mercial potential of depleted uranium 

one by Battelle Memorial Institute, 
the other by Oak Ridge National 
Laboratory—show that no major mar- 
ket exists but that several markets have 
promise: metallurgical applications in 
special alloys, high-speed steels and 
high-density metals; wider application 
in ceramics; chemical applications in 
catalysis and inorganic ion-exchange 
systems; radiation shielding (modest 
use now); counterweights and ballasts 
(also modest use ammunition 
manufacture; cathodic protection; and 


now): 


use in fast-breeder reactors (see New 
Business). 


@One of this country’s leading radio- 
active waste disposal firms—Nuclear 
Engineering Co., Walnut Creek, Calif. 
—has found that its customers are 
seeking its advice on services and 
equipment outside the disposal field. 
As a result, Nuclear Engineering says, 
it has entered the sales-representative 
field for the manufacturers of protec- 
tive clothing and radiation equipment, 
including detection, measurement and 
analysis instruments. 


NEW BUSINESS. The Univ. of Cali- 
fornia has given Coors Porcelain Co., 
Golden, Colo., a contract to develop a 
ceramic in which wastes 
can be permanently entrapped; the 
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radioactive 


program, in which Coors will work with | 


Los Alamos Scientific Laboratory, is an 
extension of work Coors has been 
doing on ceramic sponge for some time. 
. . . AEC has given Franklin Institute 
a $72,000 research contract for an 
exhaustive study of machinery and 
materials both available and required 
for high-temperature gas-cooled re- 
actors (up to 2,500 deg F).... 
Cleveland Pneumatic Industries will 
study conditions at two waste disposal 
sites off the California coast for AEC, 
at an estimated cost of $60,000... . 
Martin Co. is developing a series of 
computational codes for AEC, under 
a $335,000 contract (first-year cost of 
a 3-year program), and has been given 
a $2.3-million renewal of its contract 
with AEC on development of isotopic- 
power sources; the renewal expires 
June 30. . . . Henry C. Beck Co., At- 
lanta, was winning bidder—$4,871,000 

to build a Metals and Ceramics 
Facility at Oak Ridge National Labor- 
atory (completion in late 1961)... . 
M & C Nuclear was the winning bidder 
to fabricate 39,800 pieces of depleted 
uranium (60 tons) for Argonne National 
Laboratory. The contract, $218,330, 
covers about half Argonne’s blanket re- 
quirement for its new Zero Power Re- 
actor (ZPR-VI) for fast-reactor studies. 
Argonne subsequently doubled the 
order, M&C reported. 


FINANCIAL. Record sales and earn- 
ings in ’59 were reported for both 
Metals & Controls and its parent firm, 
Texas Instruments. . . . Nuclear Ma- 
terials and Equipment Corp. has filed 
a registration statement with the 
Securities and Exchange Commission 
covering 45,000 shares of common 
stock; 40,020 shares would be sold to 
raise more than $l-million (NU, 
Jan. 60, 20). . . . Victoreen Instru- 
ment reported an upsurge in both sales 
and earnings in ’59, reflecting both 
acquisitions and increased sales. Earn- 
ings were $390,950 (25 cents/share) on 
sales of $7,776,761; the comparable 
58 figures were $242,547 (16 cents/ 
share) and $5,449,340. . . . Landsverk 
Electrometer reports current business is 
“very good,” with commercial orders 
picking up faster than government 
orders and representing more than half 
of total sales (against 40% in 59). . . . 
Tracerlab reported a loss of $482,537 on 
sales of $10,743,891. However, new 
orders were coming in at an annual 
$15-million rate. 


| 





| 





E.M.lI. 
PHOTOMULTIPLIERS 
FOR 


Scintillation Counters 


E.M.I. Portable Contamination Monitor Type 1 


For efficiency, sensitivity and con- 
venience, the scintillation counter, 
using a photomultiplier in one of 
its many current E.M.I. forms, is 
undoubtedly the most universally 
useful device for the detection and 
measurement of alpha, beta and/or 
gamma rays. 


The range of E.M.I. photomulti- 
plier tubes is probably the largest 
in the world. As well as an extensive 
list of standard types effectively 
covering all the principal photo- 
electronic applications, special 
tubes can be produced to suit 
specific problems. Send us your 
inquiries—our design team will 
gladly co-operate with you. 


E.M.I. ELECTRONICS LIMITED 


VALVE DIVISION 


HAYES - MIDDLESEX - ENGLAND €EE.64 
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Detectors 


@ NE810 Alpha Particle Detector, 
Consisting of .0005” sheet of 
plastic phosphor NE102 on a 
clear plastic base. This detector 
provides fast decay time, low 
gamma sensitivity and modest 
resolution. 


NE812 Hollow Plastic Scintil- 
lator for Beta Ray Spectroscopy 
and for multiple tracer studies 
of Beta emitters. 


NE813 Gamma Flow Detector 
for continuous monitoring of 
gamma effluents in aqueous or 
organic solutions. 


NE219 Liquid Scintillator for 
Beta counting of filter paper 
chromatograms and direct count- 
ing on filter paper. 


Other Plastic 
slow 


loaded 


products include 
Phosphor NE102 fast and 
neutron detectors, and 
liquid scintillators. 


NUCLEAR 
ENTERPRISES LTD. 


hwa 4 
WINNIPES 9, CANADA | 
Associate — Neciees Enterprises — 


) Lied 
wp Sighebal. Edinburgh I!) Scotland 
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CURRENT INDICATOR 


AND INTEGRATOR 


MODEL A309A 


TWO Instruments in ONE! 


1. Measures currents from 1 milliampere to 


2 


3 milli-microamperes. 


. Integrates input current and registers 
accumulated charge. 
Wide current range: 1 x 10-3 to 3 x 
10-9 amp. in 12 switch settings. 
High accuracy: 1% of full scale. 
Internal calibrating current source to 
check proper operation. 
Front pane! switch allows instrument to 
be used with current of either polarity. 
Pre-setting feature provides means of 
Safeguarding against overexposure. 
Developed especially for use with Van 
de Graaff and other h.v. accelerators. 
Permits many experiments with par- 
ticle accelerators that would otherwise 
be extremely difficult if not impossible. 
Register readout gives digital accu- 
racy on charge measurement. 


NEWSMAKERS 





Charles E. Stevenson, former technical 
director of the Idaho Chemical Process- 
ing Plant, has joined the Idaho div. of 
Argonne National Laboratory to direct 
| the chemical processing and fuel-re- 
| fabrication phase of the fuel-cycle facil- 
| ity being built for EBR-2 (AEC’ 

| ond Experimental Breeder Reactor). 


| 
| 





8S SeCC- 


President Eisenhower has appointed 
| Alvin M. Weinberg, director of the 

Oak Ridge National 

Laboratory, to his 

2l-member Science 
Commit- 
Weinberg suc- 
Cyril Smith 
of the Univ. of Chi- 
his term will 
Dec. 31, 
1962. The Com- 
mittee advises the 
| White House on major policy matters 


Advisory 
tee. 


ceeds 


cago; 


expire 


Weinberg 


involving science, including such things 
as the country’s posture in high-energy 


physics research. 


A former project leader at Vitro Labo- 
ratories, Charles J. Anderson, 
joined Cross-Malaker Laboratories as 
a research engineer specializing in nu- 


has 





| cleonics and radiochemistry. 


J. Calvin Brantley has been — di- 
Union Carbide Nu- 
clear Co. He will 
direct research work 
at the firm’s new 
Sterling Forest Re- 
search Center, Tux- 
N. Y., where 
lab and reactor fa- 
cilities are being 
completed for nu- 
clear and minerals 
| work. Brantley 
| had been assistant director of research 
mid-1959. 


rector of research, 


edo, 


Brantley 


| since 


New officers of the Institute of Nu- 
| clear Materials Management: Chair- 
man, Ralph F, Lumb, director, Western 
N. Y. Nuclear Research Center; vice- 
chairman, Thomas B. Bowie, Combus- 
'tion Engineering; secretary, William 
B. Thomas, Westinghouse Bettis; and 
treasurer, Sheldon Kops, AEC Chicago 
| Operations Office. 


N. L. Rawlings has left his executive 
vice-presidency, Newport News Ship- 
| building & Dry Dock Co., 
full time to the firm’s nuclear projects. 


to devote 


His new title: vice-president, nuclear 


power activities. 
Michigan Univ. has named William 
Kerr of the engineering faculty to 
associate director of the Michigan- 
Memorial Phoenix Project, under Henry 
J. Gomberg. 


Allan Bromely, a senior scientist at the 
Atomic Energy Center of the National 
Research Chalk 
River, has been appointed associate 
professor of physics at Yale Univ. He 
will do research work in Yale’s electron 


Council of Canada 


and heavy-ion accelerator program. 


been 


of 


Robert E. Macherey has 
director 
Metallurgy div. 
Argonne. He 
James F. 
re- 


ap- 
the 

at 
suc- 


pointed associate 


ceeds 
Schumar, 
cently joined Gen- 
eral Atomic div. of 
General Dynamics. 
Macherey will 
ordinate the 
of all seven 
neering groups 
the division; he was formerly leader of 
the and Fabri- 

Division 


who 


coO- 
work 
engi- 
in 


Lal 


Macherey 


one of these Foundry 


cation group. director is 


Frank G. Foote. 


Irvin N. Zimet has been elected vice- 


president and assistant-to-the-presi- 


dent, Victoreen Instrument. 


Tracerlab’s Chemistry dept. chief, 
Marvin A. Stolberg, has left the firm to 
join New England Nuclear Corp. as 
director. He di- 
labeled 


assistant technical 
rected all activity 
pounds at Tracerlab. 


on com- 


Pacific Coast Engineering Co., a major 
supplier of reactor pressure vessels, has 
named Gavin Embry industrial engi- 
neering manager. A_ specialist in 
organization systems planning, 
Embry joined Paceco from Kaiser 
Engineers, where he was manager of 
organization and procedures. He is a 
member of the Operations Research 
Society and the Society for the 
Advancement of Management. 


and 


At Knolls Atomic Power Laboratory, 
Richard A. Young has been named 
manager of manufacturing control 
(dealing with vendors, as well as traffic 
for the Lab) and Robert B. 


May, 1960 - NUCLEONICS 


control 








| NEW PROFESSIONAL GROWTH OPPORTUNITIES for 
McCalley, Jr., has been named a | PHYSICISTS, SCIENTISTS, 


consulting engineer to the Submarine | 


‘ENGINEERS, (metatiurgical, Chem., Mech.) 


as ai 


ete LOK 


Advanced Reactor project. 


J. Richard D’Ardenne has been pro- 
moted from field engineer to area head 
of the Nuclear Systems group, Leeds 
& Northrup Co 


CompuDyne Corp. has appointed 
Robert Newton Brey, Jr., market 
development manager 3rey was proj- 
ect manager at Leeds & Northrup, 
where he directed development of 
reactor-control instrumentation. 
CompuDyne manufactures closed-loop 
electrohydraulic control systems for 


nuclear and other industries. 


Donald A. Berg has been named man- 
ager of nuclear projects at Interstate 
Electronics Corp 


Britain’s General Electric Co. has 
appointed R. N. Millar, chief reactor 
designer and a director of the firm, to 
managing director of the company’s 
engineering group—in charge of all 


nuclear, me¢ ical and heavy-elec- 


trical engines 


Justin L. Bloom, former AEC employee, | 
has been named a project engineer for | 
advanced SNAP programs in the Nu- IBSHR — The Integral Boiling and Superheat Reactor, in which 
lear diy. Martin. The firm’s SNAP water is boiled and superheated within the same reactor core, 
is one of the advanced concepts under study. To realize the ad- 
vantages of this concept, challenging problems in reactor con- 
Ssitiony Dour todereinas Gai. trol, fuel element design and frabrication, and fluid mechanics 
iis? ee will require solution. 
tions Bloor had been chief of the 
Materials Management branch of the Scientist-Engineer—To plan, set up, Engineers—Design and development 
San Francisco Operations Office. perform and analyze critical experi- of reactor core components such as 
ments on light and heavy water reac- fuel assemblies, control rods, core 
Stanton T. Friedman has joined the tors. Must have M.A. or M.S. or plates and barrels. M.S.M.E. degree or 
equivalent experience in nuclear phys equivalent experience in mechanical 
ics or engineering. design systems and components. 


work is tl nt of isotopic 


power sources for Secondary Nuclear 


Systems Development div. of Aerojet- | 
General Nucleonics from the shielding 
Scientist-Engineer—To perform re- Engineers—Materials development 
actor physics design calculation and for fuel element prototypes including 
to solve advanced problems in reactor fabrication and testing of aluminum, 
statics. M.S. degree in physics or en- zirconium and stainless steel alloys. 
Frank W. Davis has left the Reactor gineering. Experience desirable, but B.S. degree in Metallurgy and prefer- 
not necessary. ably nuclear experience. 


unit of the General Electric Aircraft 
Nuclear Propulsion dept 


Development div. at 1C to join} 
| 

Southwest Research Institute as tech-| : 
Scientists and Engineers who want to make the transition to the expanding 

field of commercial atomic power with a company that is a leader in the 
cal engineer at AE( field, write to: Mr. C. S. Southard, Westinghouse Atomic Power Division, 


PO. Box 355, Dept. W-95, Pittsburgh 30, Pa. 


nical consultant He was a me tallurgi- | 


Radiation Applications, Inc., has added 
William Oliver of American Cyanamid 


Saavessoe aoe Westinghouse 


radiation grafting development. 


Howard A. Wilcox has been named ATOMIC POWER DIVISION 
director ol research and ¢ ngineering in FIRST IN ATOMIC POWER 


. " ' 
the Defense Systems div., General | 
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WANTED! 


BRAIN 


to direct these hands 


CRYSTAL GROWING: physicist 
or physical chemist for 
senior position in currently 
growing research and 
development activity in 
solid-state materials with 
present emphasis on 
scintillation crystals. 
Require experience in 
crystal-growing techniques 
and materials-purification 
and some knowledge of 
scintillation spectroscopy. 
Desire leadership, 
initiative, and imagination 
in generating and earrying 
out new programs to expand 
present activities. 


Combined with the 
opportunity to assume 
high-level responsibilities 
are the advantages of a 
full program of health 
benefits, life insurance, 
and participation ina 
profit-sharing plan. 


Plant is located in 
Stanford Industrial Park, 
Palo Alto, in an outstanding 
center of science and 
technology. The climate 
is one of the most favorable 
in the world. The area 
offers the best in housing, 
recreation, and technical 
stimulation. 


For more information, 
telephone DAvenport 6-1640 or 
write today, including 
your resume, to 
Dr. Elliott C. Levinthal at: 


LEVINTHAL ELECTRONIC PRODUCTS 
STANFORD INDUSTRIAL PARK © PALO ALTO 3, CALIFORNIA 


RADIATION | 


‘INCORPORATED 
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NEWSMAKERS 


Department starts on page 146 


Motors. 
physics and guided missiles. 


He has specialized in nuclear 


A new group in GE’s Electric Utility 
Group—Electric Utility Marketing Op- 
eration-—will be managed by Milton 
F. Kent. 


Francis L. Jackson has been appointed 
technical director for mechanical and 
nuclear engineering, Franklin Institute 
Laboratories. 





|A former staff member of the Central 
| European Laboratory of Nuclear Re-| 
search, Italian theoretical physicist 
Vladimir J. Glaser, has been appointed | 


a professor in the Physics dept., | 





Maryland Univ. 


| Lewis M. Branscomb has been selected | 
| to direct a new division at the National 
| Bureau of Standards—Atomic Physics. | 
|The division was broken off from the | 
former Atomic and Radiation Physics 
div.; Lauriston S. Taylor remains as | 
chief of this renamed division Radia- | 
| tion Physics. 
| 
| Frank M. Comer has left the Radio-| 
| isotope dept. of the Menorah Medical | 
Center, Kansas City, to join Nuclear | 
| Consultants Corp., where he will handle | 
\the firm’s consulting work in Ohio, 
Michigan and western Pennsylvania. 


Carlo Salvetti, the director of Italy’s | 
Ispra Research Center (in the process 
of being turned over to Euratom) has | 
joined the International Atomic Energy | 


| Agency as director of the Research and | 


| 


| 


Laboratories div. 


G. C. J. Dalton has been appointed | 
|director of Australia’s Lucas Heights | 
| Research Establishment; he was form- | 
‘erly chief engineer and deputy chief | 
scientist in the Australian Atomic | 
| Energy Commission. 
|The Nuclear div. of American Elec- | 
| tronics has brought in a second General 

| Electric man to filla top post. Joseph 
W. Ranffl left GE’s X-ray dept. to take 

the marketing-manager post (NU, 

| March ’61, 162) and Luther Welsh has 

| left GE’s Vallecitos Atomic Laboratory | 
| to assume the position of chief engineer | 
lat American Nuclear. Welsh was 
lassistant to the manager at Vallecitos, 
|handling the internal development 
| program and contract administration. 


MODEL 15-2 


PORTABLE 


NUCLEAR RADIATION 


SURVEY 
METER 


ALL TRANSISTORIZED, ULTRA SENSITIVE 
7” PLASTIFLUOR, 6292 PHOTOTUBE 


FRANKLIN 
SYSTEMS, INC. 


FE. POST OFFICE BOX 3250 
§ WEST PALM BEACH, FLA. 








if you want to buy products 
or need more data in the 


NUCLEONICS 
industry ... 


then here is your point of 
information 


ov 


NUCLEONICS 
1959 


BUYERS’ 
GUIDE 
ISSUE 














Expanded, up-deied, accurate, 
complete, 1959-1960 


NUCLEONICS BUYERS’ GUIDE Issue 
A McGraw-Hill Publication 
330 West 42nd Street, N.Y. 36, N.Y. 
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@ HIGH PRECISION 

Assembly + Machining + Soldering 
@ MINIATURIZED 

Assemblies + Cables «+ Components 


@ PRINTED CIRCUITS 
Assembled + Soldered « Tested 


@ STAINLESS STEEL 
Fabrication * Soldering » Welding 


for customers that include: 


Argonne National Laboratories, Bendix 
Aviation, Barnes & Reinicke, Bell & 
Howell, Midwestern Universities Re- 
search Assn., Oak Ridge National Lab- 
oratories, Univ. of California, Wheo- 
ton Engineering Corp., and others. 


Write for New Facilities Manual 


PARAPLEGICS 
Mfg. Company, inc. 
10070 Franklin Ave. 
Franklin Park, til. 


The New 
SCINTEX 
BRAND 


PLASTIC 
PHOSPHORS 


Scintillation performance 
remains stable _ 
over years of application. 


Specifications 
vc-700 SC-700 
Base Polyvinyltoluene Polystyrene 
90% of Stilbene Same 
4x10” sec Same 





Pulse Height 
Decay Constant 


Wavelength of 
Maximum Emission 4150 A 4165 i 


Density 1.03 1.04 


NUCLEAR CAMPUS 


@Southern Illinois Univ. Foundation 
has launched a campaign to raise at 
least $1-million for the installation and 
operation of a 5.5-Mev Van de Graaff 
accelerator. SIU estimates it needs 


$450,000 to erect an accelerator build- 


ing, another $450,000 for the machine, 
and $100,000 per year to operate it for 
nuclear and other research. 


@ Univ. of Texas will install its second 
reactor next year, with the help of 
grant funds from AEC. The school 
has recently completed installation of 
a subcritical reactor purchased from 
Lockheed Aircraft Corp. 


@ One school has been cleared by AEC 
for operation of a training reactor and 
two others have been cleared for reactor 
construction. North Carolina State 
College was to go ahead with operation 
after final AEC inspection—of a 
10-kw reactor built by Nucledyne div. 
of Cook Electric Co. Of the 
schools building reactors, the Univ. of 
Illinois expects to have its General 
Atomic Triga Mark II reactor com- 
pleted by July at a total cost of $357,- 
000 for reactor and associated lab; the 
Univ. of Kansas is purchasing a 10-kw 
pool-type reactor from Bendix Corp. 
for installation in a new building on the 
western edge of the main campus. 


two 


@ Florida State Univ. has been given a 
$3-million AEC contract to conduct a 
broad research program in living organ- 
isms, including fundamental research 
on the growth of cancer cells. With 
award of the contract by AEC’s Bi- 
ology and Medicine div., FSU is estab- 
lishing the Institute of Molecular Bio- 
physics under Michael Kasha. 


COURSES. Univ. of California Exten- 
sion, Berkeley, is offering criticality and 
criticality problems, June 20—July 1; 
tuition fee is $250. 

Marquette Univ. is offering a grad- 
uate program in nuclear engineering, 
beginning this September; the school, 
expanding its nuclear program at both 
graduate and undergraduate levels, also 
plans to introduce the metallurgy of 
nuclear materials and a series of short | 


on the industrial uses of radioisotopes. 





A “cloudburst’’ 
of safety! 


Volatile chemicals and propellants bt cause 
serious accidents — but serious injuries need 
not result if water irrigation is immediately 
available! Haws Decontamination Booth pro- 
vides the “cloudburst” that rapidly rids the 
body of harmful irritants. Victims walk on 
the foot treadle and are instantly bathed in 
water from a dozen nozzles. Haws Eye-Face 
Wash is simultaneously activated —a pres- 
sure controlled unit with a perforated face- 
spray ring and twin eye-wash heads. Booth 
is acid resisting fiberglass plastic, and is 
delivered complete, ready for tie-in to exist- 
ing facilities. Write for details on the full 
line of models. 


5 ‘ 
' 


HAWS 
DECONTAMINATION 


courses and institutes for local industry | | LLL 


CRYSTALS DIVISION 
ISOTOPES, INC. 


123 Woodland Avenue 
Westwood, New Jersey 


Cornell College, Mt. Vernon, Iowa, 
is offering radioisotopes and their 
uses, June 13-24, for college and junior 
college teachers of biology, chemistry 
and physics. 


HAWS DRINKING FAUCET CO. 
1443 FOURTH STREET © BERKELEY 10, CALIF. 
* EXPORT DEPARTMENT: 19 Columbus Avenue 
San Francisco 11, California, U.S.A. 
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You're guaranteed 
10° mm Hg 
fast with... 

























































































| 


| 


THE MODULAR 
“400” SERIES 
4” VACUUM 
SYSTEMS & 
EVAPORATORS 


GUARANTEED PERFORMANCE: 


5 x 10° in 45 sec. 
Less than 5 x 1077 ultimate 
(blanked port) 


5 x 106 in 4 min. 
Less than 10° ultimate 
(18” x 30” Bell Jar) 


MODULAR CONSTRUCTION: 


Buy exactly what you need, from 
basic plumbing to complete 
Evaporators and Bakeout Sys- 
tems. Incorporate additional 
equipment as your require- 
ments grow. 


TROUBLE-FREE PERFORMANCE: 


Each VE-400 brome undergoes 
a full week (168 hrs.) of test run 
and inspection before shipment. 






































FREE “400” SERIES BRO- 
CHURE contains complete 
performance data and de- 
sign specifications on the 
4” building block compo- 
nents and modular systems. 
Write Department A-1436. 


VEECO 


C€CO) VACUUM 
CORP. 


j Vew Hyde 


New York 


V » Park 
ong Island, 


HIGH VACUUM & LEAK DETECTION EQUIPMENT 


May 


| June 7-11- 


NUCLEAR CALENDAR 


May 4-6 
Applications of 


Conference on Properties and 
Materials in Aero- 
space Vehicle Design, sponsored by 
Martin Co., Denver, Colo. Session 
nuclear rocket motors. Contact 
R. Agricola, Mail No. L-8, Martin | 
Box 179, Denver 1. 


on 
K. 
Co.., 


May 9-11—3rd National Power Instru- 
mentation Symposium, sponsored by 
Instrument Society of America, San 
Francisco. Contact ISA, 313 Sixth 
Ave., Pittsburgh 22, Pa 


May 9-13—Instrument Society of Amer- 
ica, San Francisco. For papers on 
measurement and control instruments 
contact Martin E. Kantor, c/o General | 
Atomic, P. O. Box 608, San Diego 12, 
Calif. 


on Fuel Ele- 
(emphasis on clad- 
sponsored by Inter- 

Energy Agency, 


May 10-13—Symposium 
ment Fabrication 
ding materials), 
national Atomic 
Vienna. 


May 12—Advanced Propulsion Reactor 
concepts, unclassified session at Ameri- 
can Rocket Society semiannual meet- 
ing, at Los Angeles (Ambassador) 
Contact C. J. Wang, c/o Space Tech- 
nology Labs, Box 95001, Los Angeles 
45 


16-17—-Radioisotope 
Dallas, Tex., sponsored by AEC, 
Chance Vought Aircraft, Southern 
Methodist Univ. and a group of Texas 
organizations. Contact G. R. Arm- 
strong, Aeronautics Div., Chance 
Vought, Dallas, Tex 


Workshop, | 


June 5-9—World Power Conference on 
Solving Power Shortage Problems 
(Sectional Meeting), sponsored by 
International Executive Council of 
World Power Conference, Madrid, 
Spain. Contact D. José Pérez Pozu- 
alo, Spanish Natl. Committee, Gen- 
eral Pardinas, 55, Madrid 

IAEA Symposium on Radi- 

ation Dosimetry, Vienna. Aug. 8-12 
IAEA Symposium on Ionizing Radi- 

ation Effects on Seeds and Improve- 

ment of Crops, Karlsruhe, Germany. 

Sept. 6-17—IAEA Conference on 

Radioisotopes in Physical Sciences and 

Industry, Copenhagen. Sept. 20- 

Oct. 7—IAEA Fourth General Con- 

ference, Vienna. 


June 12-15—Annual Meeting of Ameri- 
can Nuclear Society, Chicago (Palmer 
House). Contact Octave J. Du- 
Temple, 86 E. Randolph St., Chic. 1. 


| June 15-29—International Congress and 
Exhibition on Electronics, Nuclear 
Energy and Cinematography, Rome 
(Palazzo dei Congressi). Contact 
Evandro Benvenuti, Via della Scrofa, 
14, Rome. 


| June 16-18—5th Annual Symposium of 


American Scientific Glassblowers So- 


ciety, Pittsburgh, Pa. (Penn-Sheraton). | 


TRADE-MARK 


SCINTILLATION 
PHOSPHORS 


pivhomaphthylphonytemesie, ANPO: 
Band-Shifter or Secondary Solute, 
Liquid Counting—F luoresce nce 
4050 A 


A 
for 
Max 


Diphenyloxazole, DPO: A Primary 
lute, for Liquid Counting—Fluor 


Max. 3800 A 


POPOP: A _ Band-Shifter 
Solute, for Liquid 
cence Max. 4200 A 


p-Terphenyl: Least Expensive 
Solute, tor Liquid and Plastic 
Fluorescence Max. 3460 A 


So- 


scence 


Secondary 
F luores 


or 
Counting 


Primary 
Counting 


Tetraphenylbutadiene, TPB: 
p-Terpheny! in lastic 
Fluorescence Max. 4320 A 


For use with 
Scintillators 


Cadmium Propionate, 
Highly Efficient Neutron 
mium Content: 43.5% 


anhydrous: A 
Captor—Cad 


Available from stock—write to Dept. 
“K" for free booklet on these products. 


Sales Agents in N.Y.C 
Francisco, Mexico City, 


hicago, San 
and Milan 


Basi 








ARAPAHOE CHEMICALS, INC. 


PEARL STREET © BOULDER COLORADO 
PRODUCERS OF FINE ORGANIC CHEMICALS 


PROFESSIONAL 
SERVICES 


=" 





ASTRA, Inc. 


For Your Atomic Energy Problems 
Nuclear Analyses. Reactor Specifications and 
Designs, Radiation Shielding Design and Ana! 
ysis. Criticality Hazards Studies, Thermody 
namics and Heat Transfer Analysis, Facilities 
Planning, Health Physics. 
P. ©. Box 226 


Raleigh, North Caroline 
VAnce 8-4386 af 


CABLE: “‘ASTRA 








INTERNUCLEAR COMPANY 


Nuclear consultants, engineers, and designers 


Economics of Nuclear Power, Reactor Analysis 
and Design, Shielding, Special Applications 


Clayton 5 Missouri 








NUCLEAR TECHNOLOGY 
CORPORATION 


A new company offering its services to the en 
tire nuclear industry. All phases of nuclea 
analysis, design and evaluation 

President, Joseph De Felice 


Irvington, New York LYric 1-8820 








WHEN TIME 

'S SHORT... . 
put the solution of your problems up to 
a specialized Consultant. His broad ex- 
perience may save you months of costly 


experimentation. 
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Session on glass apparatus for radio- 
isotopes and radiology. Contact W. 
E. Barr, Gulf Research & Develop- 
ment Co., P. O. Box 2038, Pittsburgh 
30, Pa 


June 20-21—First Annual Meeting of 
Institute of Nuclear Materials Man- 
agement, Columbus, Ohio (Neil House). 
AEC is holding its Annual Materials 
Management Meeting at samé loca- 
tion June 23-25. Contact Harley L. 
Toy, Battelle Memorial Institute, 
Columbus 





June 20-26—Congress on Nuclear En- | 
ergy, sponsored by Italy’s Comitato 
Nazionale per le Ricerche Nucleari 
(CNRN), Rome. Contact C. M. C. 
Office, CNRN, Via Belisario 15 


Rome. 


’ 


June 23-24—2nd Youth Conference on 
the Atom, Univ. of Michigan, Ann} 
Arbor. Contact Bozell & Jacobs, | 
2 W. 45th St., N. Y. 36, N. Y. 


’ 


age dy gg weber Save time, money and bench space: Electrometers * UV- 
l1VSsICcCSs Doclety Osto la - - » 42. 8 - 
te Tetnen B eclaeen Oak ° High sensitivity allows use of smaller quan- aaa 
tidge Natl Lab, Oak Ridge, Tenn. tities of expensive tagged compounds 
Simplified operating procedures speed [ 
July 21-27—3rd International Conference analysis 
on Medical Electronics, London. Compact design requires little more than one 
Contact Secretary, Institution of square foot of bench space 
Electrical Engineers, Savoy Place, For information how Cary Electrometers can 
London W. C. 2, England, or Lee B. serve you, ask for data file K16-50. 
Lusted, Dept. of Radiology, Univ. of . 
Rochester School of Medicine, Roch- APPLIED PHYSICS CORPORATION « 2724 South Peck Road, Monrovia, Calif. 
ester 20, N. Y 


Aug. 11—AEC information meeting on 


small reactors, Oak Ridge. Contact aps NEW! 
R. A. Charpie, ORNL, Box 4, Oak - } 


tidge 


eae tee Gms eee | | COMPACT 


urement and Instrumentation, Cin- 


cinnati, Ohio (Sanifary Engineering ' ELECTRIC 


Cente Emphasis on automatic in- 


strumentation Contact Director, ae mE IMPULSE 
\ 


tobert aft Sanitary Engineering 


ie Columbia Pkwy., COUNTERS 
Sept. 13-15—Fifth International Instru- PRINT 


ments and Measurements Conference, 
including section on nuclear instru- 
mentation, and an exhibition of com- AS WELL AS INDICATE 
mercial instrumentation, Stockholm 
Contact H. von Koch, Royal Institute . 
of Technology, Stockholm 70, Sweden. SODECO Print Counters Provide Permanent Records 

: ar i ll th reliability of conven- 

Dec. 11-16-—~dansarienn Siesises Gecbiiea The new SODECO Print Counters offer all the accuracy and ity 

Atomic Industrial Forum joint meet- tional SODECO counters with the added feature of a printing mechanism to provide 
ing, San Francisco (Mark Hopkins and | a permanent record of the count at any given time. 


Fairmont). 12-15th Atomfair West ” ” ” 
' ° ; ee : t, si ist t ly 23 5 73 
aoat Wank Clanch ceaiens tate SINGLE REGISTER: The compact, single register counters (measuring only 27%” x 556” x 7%e") 


exposition (Masonic Memorial Build- indicate pulse count to 6-digits and can be supplied with mechanical and electric zero reset. 
ing). Contact W. Kelly Woods, Val- The count can be registered on the paper tape manually or by remote command. 

lecitos Atomic Laboratory, Pleasanton, | DUPLEX MODELS: The left-hand register of the duplex model can be specified to indicate and 
Calif., for ANS program; Edwin Wig- print either date and time or an independent additional 6-digit count. 

gin, AIF, 3 E. 54 St., N. Y. 22, for 

Forum program; Dan Scherer, AIF, For complete technical information, write to: 

for Atomfair. 11-14—8th Hot Labo- 

ratory and Equipment Conference. 

Paper summaries due May 16. Con- LANDIS & GYR ; 

tact James R. Lilienthal, Los Alamos 7 nc. 

Scientific Laboratory, P. O. Box 1663, 

Los Alamos, N. M. | 45 West 45th Street New York 36, N. Y. 
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Anyonne 


NATIONAL LABORATORY 


Operated by the University of Chicago under a 
contract with the United States Atomic Energy Commission 


Direct inquiries to: 

Louis A. Turner, Deputy Director 
9700 South Cass Avenue—X2 
Argonne, iilinois 


r 


41'S vs. S.C.E.) 


Potential (VOI 


Facets of 
Corrosion 
Research 


Scientists in Argonne’s Metallurgy 
Division are devoting time and energy 
to fundamental studies which shed new 
light on the mechanisms of corrosion of 
film-forming metals in pure water. Em- 
ploying the basic research approach, a 
number of apparently fruitful avenues 
to tangible results are being explored. 
The Electron Microscope reveals that 
corrosion films can exhibit structural 
complexity not otherwise discovered. 
For example, under certain conditions 
the oxide film on an aluminum alloy 
grows as the complex maze of crystal fila- 
ments shown here. In another approach, 
a specially designed instrument measures 
polarized potentials and reveals details 
of corrosion processes. The accompany- 
ing polarization curves for pure alumi- 
num in boiling water show the effect of 
the amount of electricity passed in the 
measurement. 


Staff positions are available both at 
the site near Chicago, Illinois and 
the site near Idaho Falls, Idaho for 
qualified physical metallurgists, chem- 
ical engineers, physicists, mechanical 
engineers, metallurgical engineers, 
chemists, electrical engineers, mathe- 
maticians, technical writers. 


POLARIZATION OF ALUMINUM IN BOILING WATER 
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OPPORTUNITIES 


» Management, technical, selling, office, skilled, manual, etc. 
Civil Sores Opportunities Employment Agencies 
Positions Wanted Selling Opportunities Wanted Employment Services 
Part Time Work Selling Opportunities Offered Labor Bureaus 
cas 


EMPLOYMENT 


The Advertisements in this section include all emp PP 


S Positions Vacant 
/ NATIONAL” / 





DISPLAYED — RATES UNDISPLAYED 
The advertising rate is $25.33 per inch for all advertis- payment count 5 average words as a line. 
ing appearing on o' a contract basis. Con- Positions Wanted—The rate is one-half of the above, 
tract rates quoted on request. payable in advance. 
An advertising inch is measured }” vertically on a Box Numbers—counts as 1 line. 
column—3 columns—30 inches to a page. Discount of 10% if full payment is made in advance for 
Subject to Agency Commission. 4 consecutive insertions. 


$1.80 per line, minimum 3 lines. To figure advance 
Send NEW ADS or inquiries to Classified Advertising Division of NUCLEONICS. 


Not subject to Agency Commission. 
P. O. Box 12, New York 36, N. Y. June issve closes Apri! 27th 











HEALTH PHYSICISTS 
SALARY TO 
$7510 PER ANNUM 
MOVING EXPENSES PAID 


The National Institutes of Health, Ra- 
diation Safety Office, has several posi- 
tions open for experienced Health 
Physicists. 

Work includes all phases of Health 
Physics in a large medical center using 
numerous radiation producing ma- 
chines and radioisotopes for diagnosis, 
therapy and related programs 

Federal Civil Service 
position with retirement plan, paid 
vacations, sick leave, life and medical 
insurance benefits. Moving expenses 
paid 

Qualifications: A BS degree and two 
years experience in Health Physics. 


merit system 


Send application to 


Employment Officer, 
National Institutes of Health, 
Bethesda 14, Maryland 








DIVISION MANAGER 
$30,000 PER YEAR 

One of our major clients seeking a man at 
division manager level. Should have engincer- 
ing and managerial background. Large com- 
Pany experience a must. Supervise 9 depart- 
ments and 800 personnel in the field of military 
electronics. Company client will assume all 
employment expenses. Contact in confidence. 

ESQUIRE PERSONNEL 

202 South State Street, Chicago 4, Illinois 





ENGINEERS—TECHNICIANS 


In connection with our expanding activities in nuclear 
power, we have opportunities for qualified personnel in 


the following fields: 
REACTOR SYSTEMS 


—Engineers with experience in devel- 
opment and analysis of nuclear plant 
systems and components. 


WATER CHEMISTRY 


—Chemist with specialized experience 
in water quality control for reactor 
operations. 


NUCLEAR PLANT 

TESTING 

—Engineers or physicists with sub- 
stantial test and start-up experience; 
marine application desirable. 


REACTOR PHYSICS 

—Physicist experienced in application 
of nuclear physics to design and test 
of nuclear reactors. 


HEALTH PHYSICS 


—Engineer or physicist with power 
reactor experience. 


NUCLEAR 
INSTRUMENTATION 


—Extensive experience on reactor 
control and radiation monitoring & 
instrumentation, including installation 
and maintenance. College degree not 
essential. 


REACTOR OPERATIONS 


—Experienced operators, 


preferably 


with experience in pressurized water 
plants, criticality and start-up opera- 


tions; 


morine experience desirable, 


college degree not essential. 


NEW YORK SHIPBUILDING CORPORATION 
CAMDEN 1, NEW JERSEY 





Physicists—$ 12,000 
Physicist interested in the area of Provaga- 
tion. General experience in the field of phys- 
ics. Located in desirable suburban community 
in a strong national organization. Fine fu- 
ture. Fees and expenses paid. 


MONARCH PERSONNEL 
28 E. Jacksen Bivd., Chicago, Illinois 








Wabash 2-9400 





ADDRESS BOX NO. REPLIES TO: Box No 
Classified Adv, Div. of this publication. 
Send to office nearest you. 
NEW YORK 36: P. O. BOX 12 
CHICAGO 11: 520 N. Michigan Ave. 
SAN FRANCISCO 4: 68 Post St. 


POSITIONS WANTED 


Orsort graduate Physicist MS iain: Considerable 
and broad reactor experience. PW-4125, Nucleonics. 


Graduate siheaied engineer, equivalent S.M. 
degree, German, good English, 4 years ex- 

rience in nuclear and nuclear project engineer- 
ing partially in the US. Desire position with US 
TT or agency either US or abroad. PW- 
4115, ucleonics. 


HEALTH PHYSICIST 


$7510 per-year position in radioactive 
contamination detection and control in 
construction and repair of nuclear 
powered submarines. Professional ex- 
perience or graduate study in health 
physics required. This is a career civil 
service position. Transportation fur- 
nished. Direct inquiries to the Com- 
mander. 


MARE ISLAND NAVAL SHIPYARD 
Vallejo, California 











NEUTRON DIFFRACTIONIST 


To head up a nuclear diffraction program 
in solid state at a new 5S megawatt reactor 
near Princeton, New Jersey. Address reply 
to R. BE. Flory, RCA Laboratories, Box 
RL-11E, Princeton, N. J. 








for 
POSITIONS 
in the 
NUCLEAR 
FIELD... 
WRITE US FIRST! 


Use Our Application 
No Resume Required 














Our national coverage and 
technical experience in 
the nuclear field offers 
the maximum opportunity 
to achieve your goals. 
Confidential Handling 
Employer Pays Fee 


Write: Arthur L. Krasnow 


ATOMIC PERSONNEL, INC. 


1518 Walnut St. « Phila. 2, Pa. « PE 5-4908 
An Employment Agency for the Nuclear Field 
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EMPLOYMENT OPPORTUNITIES 
a Eee 


Needed in the field of 
ATOMIC ENERGY 





ATOMIC POWER 


DEVELOPMENT 





Engineering & Research Open- 
ings for: 


REACTOR PHYSICISTS 
REACTOR CORE DESIGNER 
FUEL FABRICATION ENGINEER 
STRESS ANALYSIS SPECIALIST 
HEAT TRANSFER ANALYST 
CERAMIST 


MECHANICAL DEVELOPMENT 
ENGINEER 


REACTOR CONTROL ENGINEER 


INSTRUMENT & CONTROL-AP- 
PLICATION ENGINEER (For com- 
plete Atomic Power Plant) 


STATISTICAL ANALYST 
(Fuel Cycle) 


NUCLEAR ELECTRONICS 
ENGINEER 


Engineering or Scientific Degree 
and minimum of two years’ ex- 
perience in atomic field. 


Design and development work 
in Detroit on the development of 
Fast Breeder Reactors for use in 
generation of electric power. 


Salaries commensurate with abil- 
ity and experience. 


. 
Mail resume of qualifications to: 


-L. L. Knickerbocker 
ATOMIC POWER DEVELOPMENT 
ASSOCIATES, INC. 

1911 First Street 
Detroit 26, Michigan 





As contract operator for the Atomic Energy 
Commission, the National Lead Company 
of Ohio utilizes the latest technical equip- 
ment and technology to produce uranium 
fuel elements for use in nuclear reactors. 


¢ METALLURGICAL ENGINEERS: 


B.S., M.S. and Ph.D. degrees, with Metals Industry experience in foundry 
or fabrication technology—heat treating—metallography—physical testing 
—rmetals process control. Positions may involve assisting, planning, execut- 


ing development projects in uranium. 


¢ INDUSTRIAL HYGIENIST: 


B.S. or M.S. degree in Health Physics, 5 to 7 years’ experience in radiation 
and effivent controi, planning projects and studies of conditions affecting 


the health of employees. 


¢ NUCLEAR SAFETY: 


B.S. degree in Physics or Mathematics with 3 years’ experience in Nuclear 
Safety plus ability to interpret theoretical and experimental criticality data. 


Please send resumé of education, experience and salary requirements to 


EMPLOYMENT SUPERVISOR, Dept. J-101, 


ee ESF 


P.O. Box 158, Cincinnati 39, Ohio 





INSTRUMENTS MECHANICS 


LARGE CHEMICAL COMPANY OPERAT- 
ING IN ATOMIC ENERGY FIELD IN 
TENNESSEE NEEDS INSTRUMENT ME- 
CHANICS EXPERIENCED IN TROUBLE 
SHOOTING, REPAIRING, AND MAINTE- 
NANCE OF ELECTRONIC AND PNEU- 
MATIC INDUSTRIAL CONTROL IN- 
STRUMENTS. 


Send Complete Resume to 
Centra Emptoyment Orrice 
UNION CARBIDE NUCLEAR CO. 
P. O. Box M, Oak Ridge, Tenn. 





Radiochemist —Activation analysis and 
target bombardment experience helpful 
Send detailed resume to 


Radiation Applications, Inc. 
36-40 37th St., Long Island City, New York 




















> HEALTH PHYSICIST 
> INSTRUMENT 
SPECIALIST 


to join the staff of 


NUCLEONICS 


Send resume, salary 
requirements to 


The Editor, NUCLEONICS 
330 West 42nd Street 
New York 36, New York 








“Put Yourself in the 
Other Fellow’'s Place” 


TO EMPLOYERS 
TO EMPLOYEES 


Letters written offering Employment or ap 
plying for same are written with the hope 
of satisfying a current need An answer, re- 
gardless of whether it is favorable or not, is 
usually expected. 

MR. EMPLOYER, won’t you remove the 
mystery about the status of an employce’s 
application by acknowledging all applicants 
and not just the promising candidates. 

MR. EMPLOYEE you, too, can help by ac- 
knowledging applications and job offers 
This would encourage more compacies to 
answer position wanted ads in this sectivn. 
We make this suggestion in a spirit of heip- 
ful cooperation between employers and em- 
ployees. 

This section will be the more useful to all as 
a result of this consideration 


Classified Advertising Division 


McGRAW-HILL PUBLISHING CO., INC. 
330 West 42nd St., New York 36, N. ¥e4 
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EMPLOYMENT OPPORTUNITIES 








VUCLEAR SUPERHEAT 


One of the advanced concepts that 


GENERAL NUCLEAR ENGINEERING CORPORATION 


is developing for construction in the immediate future 


Graduate Engineers and Physicists with reactor design experience 
will find stimulating and rewarding opportunities in these boiling- 
superheating reactors, in gas-cooled reactors, and in other practical 
advanced concepts at General Nuclear. 


Positions are also open for new graduates. Work in small design 
and development groups of broad scope gives maximum opportunity 
for advancement and for professional development. 


Send resumes to: L. C. Furney 
GENERAL NUCLEAR ENGINEERING CORPORATION 
Dunedin, Florida 











REACTOR PHYSICIST 


Salary to $12,555 : Accent Is On 


Assume major role in planning and 


participation in staff technical direction 5 e ° 
of comprehensive research and develop- % 
ment program in the field of reactor n ivi ud 


physics 


Position requires substantial general ex- * 
perience in physics research and e 
specialized knowledge of the principles & © © © umm 


of nuclear and reactor theory. 


REACTOR CONTAINMENT A pioneer designer and manufacturer of nuclear thermal equipment 
ENGINEER 2 provides many individual opportunities to qualified personnel. Liberal 
: employee benefits including company assistance in furthering educational 
Salary to $12,555 : . development at nearby universities. Current programs include the SM-1 
Assist in long-range planning of the ; operation and Core I loading, SM-1A and PM-2A final engineering and 
domestic and related foreign reactor ? start-up, SM-2 design and development, and Core I procurement. 


containment program through establish- 


ment and evaluation of programs relat- NUCLEAR * To o~~ meee eae to establish 
ing to the accomplishment of economi- core nuclear specifications. 


cal and safe reactor containment. : ENGINEERS * To perf calculations to blish 
Requires substantial experience in core cooling requirements. 

mechanical or structural engineering : : 
with emphasis in both mathematics and & PHYSICISTS * To — a to establish 
static and dynamic loading response of Ser core shielding requirements. 


structures. assignments wile de * To develop and execute engineering pro- 
Relocation expenses paid Reactor Analysis Section grams for analog and digital computers. 





von wag. <2 of Nite ay sas College degree with several years’ actual experience required. 


U. S. Atomic Energy Commission SOME SUPERVISORY POSITIONS OPEN 


Washi m 25, D.C 
vemepes = Please send — resume and salary requirements in confidence 


. Y. Taylor, Administrative Services 


NUCLEAR ENGINEER 

for nuclear analysis of reactor cores. Engi- 

neering or physics background 1 to 10 years’ 

experience. Opportunity to grow with a new 0 

company Incorporated 

NUCLEAR TECHNOLOGY CORPORATION 


Irvington, New York LYric 1-8820 
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CAMBRIDGE INSTRUMENTS 
FOR MEASURING RADIOACTIVE EMISSIO 





GAMMA RAY POCKET DOSIMETER 


A personal protection instrument to measure cumulative ex- 
posure to x- or gamma rays. The cylindrical case contains 
an ionizati chamber and a quartz fiber electrometer. 
Standard range 0—200 milliroentgens. Size 43” x 4” dia. 





LINDEMANN-RYERSON ELECTROMETER 


An electrometer with high sensitivity and good stability. Does 
not require leveling. When reading, the upper end of the needle 
is observed on a scale illuminated through a window in bottom 
of case. Size 8.3 x 6.5 x 3.5 cm. Weight 0.17 kg. 


POWER RECTIFIER 


A.C. operated power unit to supply all voltages neces- 
sary for calibration and control of the Lindemann- 
Ryerson Electrometer. 


PORTABLE PROJECTION VIEWER 


The Cambridge Viewer, used in conjunction with the Lindemann- 
Ryerson Electrometer, facilitates observation of the deflection of the 
electrometer pointer. 


Send for Complete Information 
CAMBRIDGE INSTRUMENT COMPANY, INC. 
1620 Graybar Building, 420 Lexington Ave., New York 17, N.Y. 
PIONEER MANUFACTURERS OF PRECISION INSTRUMENTS 





VIBRATING CONDENSER 
ELECTROMETER 
MODEL A.C.V. 


EDUCATIONAL 
COUNTING UNIT 
MODEL ECH 10A 


*- Input insulation ; 10'* ohms. 


®- 8B. detection by thin-window halogen 
Geiger Muller counter 


*- Drift lower than | mV/day 


*- Scales : 30 mV, 100 mV, 300 mV, 
rY¥, 3 ¥, 


®. Counting by scale of ten with decade 
counter and 4 digit register and zero-reset 


e. lat ! M,. ft 
10'2 ohms, Regulated EHT for supply for G.M. counter 


10'° ohms, 
10° ohms, 


*- Input resistances : 


* Accessories 


* 30 Cm graduated support plate : for 
mounting of G.M. counters, absorbers 
and sources 


*- Price : 683 $ 


ee ee ee ee ee 
* A set of 14 aluminium, copper and lead 
RE 10 A absorbers 


* A set of 4 standard sources. 


: 190 $ 


SOCIETE D'APPLICATIONS 
INDUSTRIELLES 
DE LA PHYSIQUE 
(S.A.1.P.) 
38, rue Gabriel Crié - MALAKOFF (Seine) - FRANCE 


* Price 


All instruments for Nuclear Physics 
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Paraplegics Mfg. Co., Inc.....149 || cell, just tell us the wall thickness and from the glass up. We've put more 
Permali, Inc. -..++-109 || energy level you’re working with and _ than 300 of these windows into serv- 
Picker X-Ray Corporation 111 the viewing area you want. ice, ranging from peepholes to nine- 
Pilot Chemicals, Inc. . Leave the rest to us. We provide tonners, 

all calculations, designs, and materials, For particulars on the glasses and 
and deliver a packaged window that designs we use, write for a copy of 
is ready to install. PE-5S1, 16 Crystal St., Corning, N. Y. 
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Societe D’Applications Indus- 
trielles de tla Physique 
156 





News: Ni. Wood Counters are now in 
en : * Components Division 
Orbit in Pioneer Vv Stokes Corporation, F. J...58, 104 


New High Temperature Neutron Counters of stainless steel with ceramic insulators || Stromberg-Carlson, A Division of 
are now available. Write for information General Dynamics 
Superior Tube Company 


ME icles Ratlam aiLich mo eden tion tmaelittia ite =| lvrety Rubber Company, The. .114 
Technical Associates 


e TWO-YEAR GUARANTEE e 300 VOLT PLATEAUS || Technical Measurement Corp... 
e ALMOST UNLIMITED LIFE e LOW BACKGROUND 1} Tennessee Coal & Iron 


Model Dimensions Active Operating voltage at standard Price Price 
with cap and length pressures of gas in centimeters (aluminum (brass) Texas Instruments Incorporated, 


#82 connector of mercury cathode) or M&C Nuclear Inc. (A Subsid- 
copper : 
20cm 30cm 40cm 45cm 60cm iary) 


we Qs. Zitiwe 95 - - 
M"x 3" 4"-1 1250 1400 1500 1700 T : 

6er"x 614" B14" 1700 1900 2100 hermal American Fused Quartz 
56"x12l5" 814” 1700 1900 2100 3 , Co., Inc. ..... , V7 
3g’x20" 16” 1700 1900 2100 : q Tracerlab, Inc. . . 
ur , sae ‘ -p 

1 x 9 4l6 1800 2000 2200 ; 4 United Nations 


alae Ye 12” 1800 2000 2200 ; q 
1” x25” 20” 1800 2000 2200 i 3 United States Pipe & Foundry 


116"x17” 12” 7 1950 2150 2350 ; i Co., Steel and Tubes Divi- 
S 146"x39” 34” 1950 2150 2350 : - ON san Sere sae ; . .34, 35 
-15-34A*146"’x414¢’’ 34” 1950 2150 2000* E i it tat A a 
G-20-12 2” x17” = 12” 2100 2300 ‘ | —_ States Steel nae” a 
G-20-20 2” x25” 20” 1900 2100 2300 3 . : Peteeg s > 98 8 29.0 8S oe 
G-20-38 2” x43” 38” 1900 2100 2300 B . || United States Steel Export Com- 
G-20-46 2” x5l” 46’ 1900 2100 2300 : : PT Ges 6s 0 .. .66, 67 
Shielded cable with #82-804 teflon connector a ’ U. S$. Stoneware... 
Model F: Depleted BF;, 11% boron 10—prices and dimensions same as above. 
* Made with smaller anode.  { Without cap and connector. 











Veeco Vacuum Corp.. 
Victoreen Instrument Company. 143 


N. WOOD GAMMA COUNTERS: COSMIC RAY COUNTERS | Vitro Engineering Company, A 
Division of Vitro Corporation 
Model Dimensions Active Operating Plateau, Slope Length Price of America io ae 


with open- length voltage length er 100 of life, . " ee 
end + A _ ~~ ad Oeelts counts Westinghouse Atomic Power Di- 


56"x 616” 246” 1000 200 

56/1216" Vy 1000 

56'"x20” 1000 

1” x 9” 6 1050 

1” x17” ; 1050 

+ ed x25" 1050 

1hg"x 9” \% 1100 
146"x17” ; 1100 
116x225” ¢ 1100 

Le" 20/' 7 u : : pag aa ly 
ia ee ‘ ooo 10° CLASSIFIED ADVERTISING 
a” 6. 32u" 2 1200 ; 10° " F. J. Eberle, Business Mgr 
ee a. oe 300 v. +4 - || EMPLOYMENT 
2” x51" - ly Oo . OPPORTUNITIES..... 152 

i ; . Aleo Products, Inc............. 

Argonne National Laboratory 2 


% 108 > vision ...147 
+ a * || Wheeler Mfg. Co., C.H.......118 
108 ’ Wood Counter Laboratory, N..158 
+e : Zallea Brothers 
10° 
10° s 
10° : PROFESSIONAL SERVICES _ 150 
10° 


4d@ddd¢sadae<4444 


Atomic Personnel Inc 

Atomic Power Development Asso- 
ciates Inc 

Esquire Personnel 





General Nuclear Engineering 
Ls howe ap bvine-dneaedu ed's 155 

Mare Island Naval Shipyard... .153 

Monarch Personnel............ 153 

National Institutes of Health. ...153 

National Lead Co. of Ohio 154 

New York Shipbuilding Corp... .153 

Special counters to meet individual research needs are designed and made to order. Nuclear Technology Corp.......155 

Write for catalogue RCA Laboratories 

Radiation Applications Inc 

Union Carbide Nuclear Com- 
pany 


\C. Ci)ood Counter Laborator) Vir—_/:,_,- 


|} This index is published as a service. 
RADIOACTIVITY DETECTORS Every care is taken to make it accurate, 
CHICAGO 15. ILLINOIS, Tel. FAirfax 4-1114 but NUCLEONICS assumes no responsi- 
bility for errors or omissions. 
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Nuclear research in action: 


l'oday at Lockheed Nuclear Products we are conduct- 
ing two significant research projects with isotopes. 


For the Atomic Energy Commission we are deter- 


mining the feasibility of using backscatter radiation to LOCK Fi Eek 


discover flaws in materials. In a company-sponsored 
| | siheepn guiate 2 NUCLEAR PRODUCTS 
researcn program we are studying the use of isotopes = , - 


KHEE 


nuclear to electrical energy. AW 


{dd 3272 Peachtree Road, N. E., Atlanta 35. 


in fuelcells for converting 





TIONAL GRAPHITE MOLDS AND CRUCIBLES... 


TRADE-MARK 


GRAPHITE 
MOLD 


GRAPHITE 
CRUCIBLE 


FOR EFFICIENT AND ECONOMICAL PROCESSING 
OF A WIDE VARIETY OF METALS 


“National” graphite molds and crucibles solve 
casting problems whether the process calls for 
handling ferrous, non-ferrous, exotic or precious 
metals. In many applications — such as the cast- 
ing of uranium — graphite is the only material 
that will do the job. 

Why? Because this material has good thermal 
conductivity and low thermal expansion. It has 
good strength at high temperatures and can be 
machined to precise tolerances. Where reactions 
which form excess carbides in the melt are likely 


to take place, various mold or crucible coatings 
can easily be applied on graphite. Also, carbon 
pickup can be inhibited with the use of properly 
designed parts. The electrical properties of graph- 
ite permit its use as a susceptor in induction melt- 
ing; thus, the graphite mold or crucible may serve 
a dual function. 

You'll save time and money when you specify 
“National” graphite molds and crucibles for your 
metal casting operations. 


“National” and “Union Carbide” are registered trade-marks for products of ga 
NATIONAL CARBON COMPANY : Division of Union Carbide Corporation » 30 East 42nd Street, New York 17, N.Y. 
OFFICES: Birmingham, Chicago, Houston, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco « IN CANADA: Union Carbide Canada Limited, Toronto 








i r 
Si Se 
ap 








re 











“ 
B 
' 
{ 
, 
| 
if 
Bi 
\} 
| 
i 
| 
| 
13 1 
| 
| 
5 
| 
| 
| 
i of 
j 
{ : 
a 








